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ABSTRACT
This th e s is  describes the lo g ic a l  design  and. implementation o f  three  
v a ria tion s o f  an alpha-numeric t e x t  generator for  d isp laying computer 
inform ation on a cathode ray tube ( c . r . t . ) .
Each character i s  generated by in te n s ify in g  dots which are se le c te d  
from a 5 x  7 m atrix. S e le c tio n  o f  the dots i s  performed by d ig i t a l  lo ­
g ic  c ir c u its  which supply unblanking p u lses to  the Z -axis o f  the c . r . t .  
in  synchronism w ith a ra ster  generator.
Three methods o f  ra ster  generation are described . This permits the 
character generator to  be used in  system s o f  varying c o st and com plexity.
The most complex method uses h o r izo n ta l and v e r t ic a l  d ig i t a l  to  
analogue (d/ a ) converters to  generate the ra ster  as w e ll as to  p o s it io n  
each character. This permits sev era l new character operations to  be 
provided by hardware.
Three s iz e s  o f  characters may be generated and two s iz e s  may be 
hardware p osition ed  as su b scrip ts or su p erscr ip ts . Back spacing enables 
su perscrip ts to be p osition ed  above su b scrip ts or characters to  be super­
imposed. Tabulation lo c a te s  up to  e ig h t  v e r t ic a l  columns. Carriage re ­
turns may be made to any one o f  nine le ft-h a n d  margin p o s it io n s . Line 
feed s may be s in g le  or double spaced. Spacing between l in e s  and char­
ac ters  i s  autom atically  adjusted, according to the character s iz e  used.
Control o f  the character generator may be accomplished through an 
ASR 33 Teletype and a few function  keys. Thus the te x t  generator i s  
e a s ie r  to  operate than most conventional character generators.
i i
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The te x t  generator fu nctions eq u a lly  w e ll  w ith  a storage c . r . t .  or 
w ith  a refresh  memory s in ce  i t  i s  capable o f  generating up to  53»000 
characters per second.
The s im p lic ity  and v e r s a t i l i t y  o f  the te x t  generator makes i t  
su ita b le  fo r  n early  every a p p lica tio n  which u t i l i s e s  a c . r . t .  d isp la y  
s in ce  i t  can r e a d ily  be ta ilo r e d  to  such u se r ’s needs as the add ition  
o f  a graphics c a p a b ility .
xax
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CHAPTER I
INTRODUCTION
1 .1  The D e s ir a b il ity  o f  Cathode Ray Tube D isplays
D ig ita l computers are capable o f  extrem ely rapid computation and 
data m anipulation. Since mechanical d ev ices such as typ ew riters, l in e -  
p r in ter s , card readers and p lo t te r s  are gen era lly  much slower than the  
computer, the computer must normally slow down to  match the speed o f  the 
input-output ( i /o )  dev ices which are tran sm ittin g  data to  and rece iv in g  
data from the computer. This can vary from a person typing a few char­
acters  per minute to  a l in e  p r in ter  capable o f  ou tputting  perhaps 3»000 
characters per second.
To avoid th is  problem, modern high-speed computers g en era lly  tran s­
fe r  the computed inform ation in to  b u ffers which can accept data a t  the 
computer's high speed and then supply th is  data to  the output device a t  
i t s  own lower speed. The reverse operation can be used fo r  loading data  
in to  the computer. Thus the computer i s  able to  in te r a c t  w ith  sev era l 
input-output dev ices to  ensure th a t the high computing c a p a b ility  i s  
used to  the b est advantage. For the m ajority o f  s c ie n t i f i c  and business  
ap p lica tion s th is  type o f  in te r a c tio n  i s  s a t is fa c to r y . The job i s  sub­
m itted a t  one time and the computed r e su lts  are obtained on paper a t  a 
la te r  tim e.
More rec e n tly , computers have found th e ir  way in to  such varied  areas
13as data r e tr ie v a l ,  computer-aided in s tr u c tio n  (CAI) and computer-aided
design  (CAD). These uses introduce two new problems which the above
1
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2mentioned i / o  d ev ices are n ot r ea d ily  able to  cope w ith . F ir s t ,  the 
user i s  in te r e s te d  in  rapid r e su lt s  and cannot a fford  long d e la ys  w hile  
w aiting  fo r  prin ted  m a ter ia l. O bviously, he cannot s i t  in  fro n t o f  a 
l in e -p r in te r  a l l  day. Secondly, the user o ften  w ishes to  in te r a c t  w ith  
the computer. How i s  he ab le to  obtain  access to  the inform ation which 
has been computed but i s  s t i l l  in  the output b u ffer  and not y e t  printed  
so th a t he may ra p id ly  decide i f  the r e s u lt s  are what he expected?
The b e s t  so lu t io n  to  the problem developed so far  i s  the use o f  a 
cathode ray tube ( c . r . t . )  d isp la y . Character w r itin g  speeds in  excess  
o f  50,000 per second are e a s i ly  achieved . Thus computed data can be 
transm itted and d isp layed  alm ost in stan tan eou sly . The ad d ition  o f  a 
lig h t-p en  and fu n ction  keys to  the normal typew riter keyboard, adds the 
p o s s ib i l i t y  o f  m odifying or p o in tin g  to  s e le c te d  areas o f  the d isp la y  
to  obtain  the a tte n tio n  o f  the computer for  rapid two-way in ter a c tio n  
between the computer and the u ser . Adding a graphics c a p a b ility  en­
ables p ic to r ia l  as w e ll  as prin ted  inform ation to  be d isp layed .
Another important advantage o f  c . r . t .  d isp la y s  i s  the p o s s ib i l i t y  
o f  having sev era l c . r . t .  screens d isp lay in g  the same inform ation sim­
u ltan eou sly . This i s  advantageous, for example, i n  modern a irp orts  
where computers are used in  f l i g h t  scheduling. D isp lays placed in  
s tr a te g ic  lo c a tio n s  throughout the term inal can im m ediately inform the 
s t a f f  and pub lic  o f  a r r iv a l and departure tim es.
The fea tu res  mentioned above make c . r . t .  d isp la y s  an a ttr a c tiv e  
and e f f i c i e n t  method o f  providing communication between the computer 
and i t s  u se r s . In  ad d ition , they can be made e s t h e t ic a l ly  p leasin g  to  
the eye and th e ir  q u ie t  operation  permits the user to work in  a peacefu l 
and th ought-stim ulating  environment.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(a ) Beam Shaping
(b) Scanning
B B
(c )  Stroke or Waveform
# • • •  .  •  ••  ••  • • ••  ••  ••  • • •
(d) Dot
Figure 1.1 Examples o f  Characters Generated by D ifferen t Methods
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
2 71 .2  Some Current Methods o f  Character Generation '
There are many d if fe r e n t  methods o f  generating characters for  c . r . t .  
d isp lays in  use today. The most important requirement i s  th at they are 
e a s i ly  readable. A few o f  the curren tly  used methods w i l l  be described .
1 . Beam Shaping
This method u t i l i z e s  a s p e c ia l ly  constructed  c . r . t .  w ith  a 
s t e n c i l  mask placed in  the path o f  the e lec tro n  beam. This s t e n c i l  con­
ta in s  the shape o f  a l l  characters which can be d isp layed . The unshaped 
e le c t io n  beam generated by the a cce lera tin g  gun o f  the tube can be de­
f le c te d  to a p articu lar  area o f  the mask by s e le c t io n  p la tes  w ith in  the 
tube. The beam passes through the mask and i s  extruded in  the shape o f  
the character. The shaped beam i s  then d e fle c te d  again  to i t s  f in a l  
p o s it io n  on the screen . Although th is  method o f  character generation  
i s  f a s t ,  the tube i s  expensive and the number and shape o f  the charac­
te r s  i s  u su a lly  q u ite  lim ite d . F ig . 1 .1a  i s  an example o f  th is  type o f  
character.
2 . Scanning
This method u t i l i z e s  a scanning ra ster  s im ila r  to th a t used 
in  t e le v is io n . The character data w ith in  the generator i s  scanned in  
synchronism w ith the r a ster  to  provide the data required to  modulate 
the beam. This method i s  w e ll su ited  to  m ultip le d isp la y s  such as the 
previously  mentioned a irp o rt d isp la y  s in ce  te le v is io n  s e t s  can be used 
and interconnected by c o a x ia l cable for  a r e la t iv e ly  low c o st d isp la y . 
This method cannot r e a d ily  be used fo r  l i g h t  pen in te r a c tio n  sin ce  the 
e n tir e  screen i s  being scanned by the r a ster  and the coordinates o f  
the beam a t a p a rticu la r  time are not accu rately  known. F ig . 1 .1b  g ives
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5an example o f  th is  character.
3 . Stroke or Waveform
This method o f  generating characters probably permits the 
g r ea te s t  f l e x i b i l i t y  o f  character s t y l e s .  The character i s  stored  as 
X d e f le c t io n , Y d e f le c t io n  and in t e n s i t y  inform ation . As the character  
i s  being generated, th ese  three p ieces  o f  analogue data are sim ultane­
o u sly  fed  to  the X, Y and Z axes o f  the c . r . t .  tu be. The character i s ,  
th erefo re , traced out in  much the same manner as one would w rite char­
acters  by hand. This method i s  very f a s t  but the c ir c u itr y  required to  
sto re  and supply the analogue inform ation i s  q u ite  complex and expensive. 
F ig . 1 .1c  i l lu s t r a t e s  the characters generated by th is  method.
4 . Dot Generation
In  th is  method, the characters are composed o f  a group o f  
dots which are se le c te d  from a b asic  array or m atrix . Two operations 
must be performed to  generate a character by th is  method. F ir s t ,  the 
dot m atrix p o s it io n  must be generated on the screen  by e ith e r  a sm all 
sweep r a ster  or by d/ a converters which can accu ra te ly  p o s itio n  the beam 
w ith in  the array. Secondly, some means o f  determ ining whether to in ­
te n s ify  (unblank) the beam a t  a p a r ticu la r  p o s it io n  w ith in  the array  
must be provided for  each character.
One o f  the most commonly used methods o f  generating the in ­
t e n s if ic a t io n  inform ation i s  to  use a sm all core memory. I f  a 5 x 7  
m atrix o f  dots i s  used, the memory w i l l  contain  35 magnetic cores a lso  
arranged in  a 5 x  7 m atrix. A sense winding i s  threaded through the 
cores which correspond to  the dots which are required to generate a 
p a rticu la r  character. In  ad d ition , a s e t  and r e s e t  winding i s  threaded
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6through each core. A ll o f  the s e t  windings o f  each column are connec­
ted  in  se r ie s  as are the r e s e t  windings o f  each row.
To generate a character the core memory i s  in terrogated  in  
sequence with the ra ster  generation . F ir s t ,  a l l  o f  the cores o f  a par­
t ic u la r  column are s e t  but the character sense windings are d isab led .
Then each core in  the column i s  r e se t  in  sequence and the sense winding 
i s  activa ted . Only i f  the sense winding passes through a core which i s  
being r e se t w i l l  i t  sense the changing magnetic f i e ld  and control the 
in te n s if ic a t io n  o f  the corresponding poin t in  the c . r . t .  r a ster . The 
obvious disadvantages o f  th is  method are th a t characters cannot be changed
without rew iring the core m atrix and a complete read cycle  must be per­
formed for  a l l  35 p o ss ib le  dots in  the m atrix making the system q u ite  
slow compared w ith  other methods.
Other methods o f  s e le c t in g  dots have a lso  been used. One uses 
a diode matrix which i s  scanned to  generate the x  and y  d e fle c t io n  as
w e ll as the required in t e n s i t y  inform ation.
5 . Software Techniques
In  order to  generate characters as rap id ly  or as in expen sively  
as p o ss ib le , the various hardware techniques which have been mentioned 
have u su a lly  been employed to  generate characters. U sually only the 
type and s iz e  o f  the character i s  supplied  to  the character generator.
The actual generation o f  the character i s  accomplished autom atically .
With the advent o f  extrem ely high speed random access memories, 
some manufacturers are moving away from hardware character generation.
The coordinate and in t e n s it y  inform ation required to  generate a p articu ­
la r  character i s  stored  in  a memory as a subroutine which can e a s i ly  be
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?m odified to  generate any shape and s iz e  o f  character one p le a se s ,
A character i s  generated by s e le c t in g  a p a rticu la r  subroutine, 
The stored  inform ation i s  then fed  to  d /a  converters which con tro l the  
beam p o sitio n in g  and in t e n s it y  whenever th a t p a rticu la r  subroutine i s  
addressed. The obvious advantages o f  such a method are f l e x i b i l i t y  and 
the use o f  r e la t iv e ly  un sop h istica ted  hardware. But u n t i l  recen tly  high  
speed memories have been very c o s t ly  although th e ir  p r ice  i s  rap id ly  be­
in g  reduced now. I t  may w e ll be th a t in  the very near future th is  method 
o f  character generation may overtake the conventional hardware techniques,
1 .3  The R efresh Problem
I t  has been im plied above th a t high speed i s  a d esira b le  character­
i s t i c  fo r  a character generator. This can be d esirab le  fo r  two main rea­
son s.
F ir s t ,  i t  was mentioned th a t one w ishes to have the computer tran s­
fe r  i t s  computed r e su lts  as ra p id ly  as p o s s ib le . I f  one i s  u t i l iz in g  a 
sp e c ia l storage c . r . t .  tube which i s  capable o f  sto r in g  the image traced  
out by the e lec tro n  beam, the computer can tra n sfer  the data to  the d i s ­
p lay  a t  a f a ir ly  high speed (say  3»000 characters/secon d) and the screen  
w i l l  r e ta in  the inform ation. This type o f  d isp la y  cannot be used for  
in te r a c tiv e  d isp lays which use a l ig h t  pen s in ce  the d isp la y  i s  con­
tinuous w ith time and does not g ive the computer any means o f  determin­
in g  the p o s it io n  o f  the pen.
I f  one i s  not u t i l i z in g  a storage c . r . t .  tube, generating the d is ­
p lay  once i s  not s u f f ic ie n t  s in ce  i t  fades ra p id ly  w ith  tin® . This 
fad e-out or p ersisten ce  time ty p ic a l ly  v a r ie s  from between 20 to  100 
m illisecon d s depending on the type o f  phosphor used in  the c . r . t .  This
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8brings us to  the second and most im portant need for  a high speed d isp la y .
To m aintain the inform ation on a non -storin g  c . r . t . ,  the d isp la y  
must co n tin u a lly  be regenerated or refresh ed . This refresh in g  must be 
done a t  a ra te  which i s  h igh  enough to  prevent the eye from see in g  i t  
or the screen w i l l  appear to  have annoying f l i c k e r .  Thus the refresh  
rate  could be as h igh  as 50 or 60  frames per second depending on the 
phosphor o f  the c . r . t .  and background lig h t in g  o f  the room. In  order 
to  d isp la y  1 ,000 characters on the screen , one must have a character  
generator capable o f  generating 50,000 characters per second. Hence 
softw are character generation  i s  cu rren tly  very lim ited  due to  the 
amounts o f  inform ation required .
1 .4  Three Proposed Methods o f  Character Generation
A 5 x  7 d ot m atrix was chosen to  provide the character r a s te r .
The method o f  s e le c t in g  and in te n s ify in g  the co rrect dots fo r  a p a r ti­
cu lar  character i s  common to  a l l  th ree character generators. This w i l l  
be d iscu ssed  in  greater d e t a i l  in  chapter I I .
The three character generators d if f e r  prim arily  in  the method used 
to  generate the 5 x 7  dot m atrix. The f i r s t  method u t i l i z e s  both h o r i­
zo n ta l and v e r t ic a l  sweep c ir c u i t s  to  generate the character r a ste r . A 
d/ a converter i s  a lso  used in  the v e r t ic a l  a x is  i f  more than one l in e  o f  
characters i s  to  be d isp layed .
The second method u t i l i z e s  a h o r izo n ta l sweep c ir c u i t  but on ly  a 
D/a converter i s  used in  the v e r t ic a l  a x is  to  generate both the seven  
v e r t ic a l  dot p o s itio n s  in  the m atrix and the p o sitio n in g  o f  sev era l l in e s  
o f  t e x t .
The f in a l  method, uses a d / a converter fo r  the h o r izo n ta l p o s it io n -
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9in g  as w e ll as a v e r t ic a l  d / a converter s im ila r  to th a t used in  the sec ­
ond method.
The three methods o f  generating the character ra sters  have been 
constructed and te s te d . They w i l l  be d iscussed  in  d e ta i l  in  chapters 
TTT and IV along w ith th e ir  advantages and disadvantages.
10
1 .5  Implementation
The c ir c u itr y  which w i l l  be described in  the remainder o f  th is  
th e s is  was constructed from D ig ita l Equipment Corporation (DEC) ’’FLIP 
CHIP" modules. This i s  mentioned a t  th is  tim e, s in ce  some o f  the c ir  -  
cu itr y  which i s  to be d iscu ssed  i s  very  dependent on DEC hardware. 
However, when th is  i s  the c a se , enough theory i s  given so th a t one could  
e a s i ly  implement the c ir c u i t  u sin g  oth er c ir c u itr y .
The m ajority o f  the lo g ic  was implemented using DEC 'R' s e r ie s  lo g ic  
modules which can operate up to  a frequency o f  2 MHz. These modules use 
negative "NAMD" lo g ic  in  which 0 v o lt s  represents a "zero" or " fa lse” 
s ta te  and -3  v o lt s  represents a "one" or "true" s ta te .
The d / a converters were DEC 'A' s e r ie s  modules. A few 'B* s e r ie s  
d elay  modules were used sin ce  they provide for delays as short as 50 nsec.
s e r ie s  clamped loads were used whenever ad d ition a l s ig n a l clamping 
was required.
At th is  p o in t, i t  i s  suggested  th a t the reader fa m ilia r ize  h im self 
w ith the symbols and lo g ic  n ota tion  described in  Appendix VI.
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CHAPTER II
GENERATION OF UNIQUE CHARACTER PULSE TRAINS
2 .1  Reasons for S e lec tin g  the 5 x 7  Dot Matrix
At an ea r ly  stage in  the development o f  the character generator, 
i t  was decided th a t a Teletype Model 33 ASR (Automatic Send-Receive) 
would be used to generate the ASCII character codes which would then be 
fed  to  the d isp la y  v ia  the computer or com puter-refresh system . Thus 
on ly  upper ease (c a p ita l)  l e t t e r s  would be generated. I t  i s  p o ss ib le  
to  generate a l l  o f  the p r in tin g  characters found on the keyboard w ith  
a 5 x  7 dot m atrix.
I f  one had wished to  generate lower case ch aracters, a t  l e a s t  a 
7 x 9  m atrix would be necessary to  provide s u f f ic ie n t  dot reso lu tio n  
fo r  le g ib le  and d is t in c t  ch aracters. But the a d d ition  o f  o n ly  two dots  
to  the h orizon ta l and v e r t ic a l  axes o f  the m atrix means th a t a t o t a l  o f
63  dot p o sitio n s would be required in stea d  o f  35* This means th a t ap­
proxim ately 75$ more hardware would be required ju s t  to  provide the bas­
i c  dot m atrix generation n ot to  mention a d d itio n a l hardware required to
s e le c t  the greater number o f  dots which c o n stitu te  each character.
In  add ition  to  increased  hardware, speed becomes an important fa c to r  
when a larger  dot m atrix i s  used . Since each d ot i s  generated sequen­
t i a l l y  in  tim e, i t  would require a 75% in crease  in  the character genera­
t in g  time for  a 7 x  9 m atrix i f  the same dot frequency were used. Hence 
i f  a refresh  system were to be used, the number o f  characters which could
10
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(a) H orizontal D e flec tio n  Voltage Waveform
t^ = time required to  
generate 35 pulses  
(character tim e)
t g = time required to  
generate 14 pulses  
(character spacing)
Time(b) V e r tic a l D eflec tio n  Waveform
(c )  Pulse Train Required to  Form the Character 'A'
©
•  •
(d) Character Which R esu lts From Combined Waveforms
Figure 2 .1  Use o f  the Unique Pulse Train
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be displayed would be nearly cu t in  h a lf!
I f  one were to  generate a 7 x 9  dot m atrix a t  a higher speed, the 
c o s t  o f  the lo g ic  c ir c u itr y  would be in creased . In  addition  to  t h is ,  
modulation o f  the Z -axis ( in te n s ity )  o f  the c . r . t .  becomes d i f f i c u l t  a t  
high frequencies. Since one w ishes to  generate dots and not smeared
_7
l in e s ,  in te n s if ic a t io n  times must be much le s s  than 100 nsec (10 sec ­
onds) for  the d esired  character generating speed. This fa c to r  would 
n eed less ly  add to  the c o st  o f  the d isp la y  c . r . t .
2 .2  The Unique Pulse Train
As the 35 p o sitio n s o f  the 5 x ?  matrix are being generated sequen­
t i a l l y  w ith tim e, inform ation must be fed  to  the c . r . t .  in te n s if ic a t io n  
c ir c u its  to  determine whether a p a rticu la r  dot i s  to  be in te n s if ie d  or 
n ot. F ig . 2 .1  i l lu s t r a t e s  th is  fo r  the simple case o f  a h orizon ta l and 
v e r t ic a l  sweep r a s te r . As the ra ster  i s  being generated seq u en tia lly  
in  tim e, the unique pulse tr a in  fo r  the l e t t e r  A i s  being supplied to  
the Z a x is . The r e su lt in g  character i s  shown in  F ig . 2 .Id . Thus some 
method o f  generating a unique pulse tr a in  i s  required for  a l l  prin ting  
characters being generated by the d isp la y . This w i l l  be d iscussed  in  
the remainder o f  th is  chapter.
2 .3  General D escription  o f  the Character Dot Generator
The actu a l generation o f  the unique pulse tr a in s  for  each character 
i s  common to  a l l  three character generators which are d iscussed  in  the 
remainder o f  th is  th e s is .  Only the co n tro l u n it  and the raster  generator 
vary in  the three systems and one s l ig h t  m od ification  must be made to a 
counter.
The character dot generator i t s e l f  c o n s is ts  o f  a c lock , a s ix  b i t
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counter, a counter decoder, gatin g  c ir c u itr y  to  s e le c t  unique pu lse tra in s  
fo r  each character and a b u ffer  to  hold the ASCII code o f  the character  
whose pulse tr a in  i s  to  be gated to  the Z -a x is . In  a d d ition , an in h ib it  
gate i s  used to prevent the pu lse tr a in  from reaching the Z -axis in  spe­
c ia l  c a se s . A block diagram o f  the character dot generator i s  g iven  in  
P ig . 2 .2 .
2 .4  The Counter
A s ix  b i t  binary up counter which i s  capable o f  counting up to  
2^ = 64 i s  used. T hirty-F ive counts correspond to  the 35 dots in  the 
5 x 7  m atrix. However, space must be in ser ted  between ch aracters.
I f  a sweep c ir c u i t  i s  used to  provide the h orizon ta l d e f le c t io n ,  
the beam i s  moving a t  a constant r a te . To provide two h o r izo n ta l ra ster  
u n its  (dot p o s it io n s )  o f  spacing between characters, enough time must 
pass to  provide fo r  an a d d itio n a l 14 dots ( i . e .  two columns o f  7 dots 
each ). Hence 49 c lo ck  p u lses must be counted. This type o f  counter i s  
used by the ra ster  generators which w i l l  be d iscu ssed  in  Chapter H I .
I f  the h orizon ta l beam p o s it io n  i s  produced by a binary counter and 
a D/A converter, on ly  one a d d itio n a l pulse a fte r  the 35 m atrix counts 
w i l l  be required to  provide the sp ace. This w i l l  be d iscu ssed  in  d e t a i l  
in  Chapter IV.
A NAND gate d e te c ts  a counter value o f  35 for  the D/A converter  
method or a count o f  48 for  the h o r izo n ta l sweep method. The output o f  
th is  gate enables the DCD gate o f  a pu lse a m p lifier . Thus the 36th  or 
the 49th clock  pu lse passes through the pulse a m p lifier . This pulse i s  
used to  c lea r  the counter, the bu ffer  and the "GENERATE" f l ip - f lo p  which 
i s  a device busy f la g  in  the con tro l u n it .  When th is  f l ip - f lo p  i s  s e t ,
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i t  enables the counter; c lea r in g  i t  d isa b les  the counter. The 36th  c lock  
pulse a lso  generates the character space in  the case o f  the d /a  converter  
method. P ig . 2 .3  i l lu s t r a t e s  the counter which would be used w ith  a 
h o r izon ta l sweep c ir c u i t .  I t  i s  capable o f  operating a t  a c lock  frequency 
o f  1 .0 8  MHz.
One seriou s problem which arose from using DEC 2 me modules was 
th a t each f l ip - f lo p  has a nominal carry propagation o f  70 n sec. This 
means th a t one must w a it for  up to  420 nsec for  the counter to  reach a 
steady s ta te .  But a t  2 MHz, the c lock  p u lses are 500 nsec apart. Hence 
on ly  80 nsec i s  a v a ila b le  during which in t e n s if ic a t io n  w ith  i t s  a s so c i­
ated gating propagation delays can take p la c e . This i s  in s u f f ic ie n t .
To e lim in ate carry time a DC carry chain was used . This permits 
the construction  o f  a counter o f  any s iz e  w ith  a l l  f l ip - f lo p s  sw itching  
sim ultaneously. I t  c o n s is ts  o f  s ix  interconnected, diode gates w ith two, 
t h r e e , . . . , s e v e n  inputs each o f  which has an output on ly  when the input 
to  th a t gate and to  a l l  the gates o f  le s s e r  s ig n if ic a n c e  are in  the one 
s ta te  ( i . e .  a carry w i l l  occur on the n ext coun t). In  th is  way the in ­
put DCD gates o f  the f l ip - f lo p s  through which a carry would propagate 
are enabled. Since the c lo ck  i s  fed  to  a l l  f l ip - f lo p s  in  p a r a lle l ,  those  
w ith  enabled DCD gates w i l l  be complimented sim ultaneously . Hence no 
propagation d elay  w i l l  occur fo r  a carry. F ig . 2 .4  i l lu s t r a t e s  a 2 MHz 
counter which would be used fo r  the d / a converter method.
2 .5  The Counter Decoder
A sequence o f  35 p u lses i s  required to  in t e n s if y  each dot o f  the 
5 x 7  m atrix. A s e r ie s  o f  35# 7 -in p u t NAND gates i s  used in  the counter 
decoder. S ix  o f  the in p u ts are connected to  the outputs o f  the s ix
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f l ip - f lo p s  o f  the counter in  such a way th a t the f i r s t  gate d e te c ts  a 
count o f  one, the second a count o f  two, up to  the t h ir t y - f i f t h  which 
d etec ts  a count o f  35*
The seventh in p u t to  each o f  the gates i s  a delayed c lock  p u lse . 
Refer to  f i g .  2.5» The c lo ck  must be delayed because the c lock  pu lses  
are f i r s t  used to change the counter. A fter the counter i s  changed by 
the c lock  pulse and the 35 gates have reached a steady s ta te  con d ition , 
the delayed c lock  p u lse  reaches the g a te s . This prevents the ambiguity 
which could occur i f  the 35 decoder gates were sampled a t  the same time 
the counter was changing.
Thus each NAND gate w i l l  have an output when i t s  p a rticu la r  count 
i s  present in  the counter. Since on ly  one gate can be enabled a t  any 
one tim e, the gates provide 35 d is t in c t  pu lses which are seq u en tia l in  
tim e.
2 .6  Pulse S e le c t io n  Gates
Each character which i s  to  be generated i s  composed o f  unique dots 
se le c te d  from the b a s ic  5 x 7  m atrix which i s  shown in  f i g .  2 .6 a . As 
the various dot p o s it io n s  are generated by the r a ste r  generator (sweep 
or d / a con verter), a d e c is io n  as to  whether to  in t e n s if y  a dot or not 
must be made fo r  each p a r ticu la r  character. This i s  done by the pulse  
se le c t io n  NAND g a te s .
The inputs to  th ese  gates are the outputs o f  the counter decoder 
NAND g a tes . I f  a character requires dot #1 o f  the m atrix, the output 
o f  the f i r s t  counter decoder NAND gate i s  used. Hence the pulse s e l ­
ec t io n  gate fo r  a p a r ticu la r  character w i l l  have as many inputs as there  
are dots in  the completed character. Since the inputs were outputs o f
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the preceding counter decoder NAND gates the fo llow in g  Boolean express­
io n  w i l l  be true i f  p u lses 8 f 9 , 15» 16 were to  be u sed :-
PULSE TRAIN = PULSE #8 A  PULSE #9 A  PULSE #15 A  PULSE #16 
= PULSE #8 V  PULSE #9 V  PULSE #15 V  PULSE #16 
Thus we see  th at the pu lse  s e le c to r  NAND gates a c t as OR g a te s . The 
output o f  these gates w i l l  be a unique pulse tr a in  for  each character  
to  be generated.
At present a s ix t y  character s e t  o f  "printing" characters i s  used 
but th is  could be expanded to  any s iz e  by the add ition  o f  more pulse  
s e le c to r  NAND g a tes . A l i s t  o f  a l l  the pu lses required to  form each 
character and a model o f  each character can be found in  Appendix I I .  
Samples o f  the gates are shown in  F ig . 2 .6b .
2 .7  The Buffer R eg ister
This r e g is te r  holds the ASCII code for  the character which i s  cur­
r e n tly  being generated. Although the ASCII code requires 8 b i t s  to  define  
the f u l l  character s e t ,  n ot a l l  b i t s  need be u t i l i z e d .  I f  one on ly  w ishes 
to  generate the p r in tin g  characters o f  the ASR 33 T eletype, the s ix  le a s t  
s ig n if ic a n t  b it s  o f  the code would be s u f f ic ie n t  s in ce  2^ = 64 characters 
could be se le c te d .
In  our case , seven b it s  were used so th a t non-printing operations 
such as l in e  feed , carriage return , tab ulate and back space could be de­
r ived  d ir e c t ly  from the te le ty p e  keyboard. This a lso  provides fo r  ex­
pansion o f  up to  2? = 128 ch aracters. A complete l i s t  o f  the ASCII codes 
used w i l l  be found in  Appendix I .
The buffer which holds the ASCII code c o n s is ts  o f  seven f l ip - f lo p s  
which can be loaded in  p a r a l le l .  The contro l o f  the loading operation
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would be by computer or by a sp e c ia l con tro l u n it . This w i l l  be d is ­
cussed further in  the fo llow in g  chapters. The d isp la y  b u ffer  r e g is te r  
(DBR) could be the accumulator o f  the computer or the memory buffer  
r e g is te r  o f  a refresh  memory. F ig . 2 .7  shows the bu ffer  inputs as be­
ing  the seven le a s t  s ig n if ic a n t  b it s  o f  the refresh  b u ffer  which w i l l  
be described, b r ie f ly  in  chapter VI.
2 .8  The Character Decoder
The reader has probably noted th a t the unique pulse tr a in  for ev­
ery  character was generated sim ultaneously by the Pulse S e le c t io n  Gates. 
Some means o f  s e le c t in g  on ly  the character pulse tr a in  whose ASCII code 
i s  contained in  the buffer must be provided. This s e le c t io n  i s  per­
formed by the character decoder.
At p resen t, s ix ty  p r in tin g  characters are generated and they only  
require s ix  bats o f  the bu ffer  to d efin e  them un iquely . Thus the sev­
enth b i t  i s  not needed a t  th is  po in t and w i l l  be d iscu ssed  further in  
the chapter on Sp ecia l Characters.
The character decoder i s  comprised o f  a s e t  o f  s ix t y  7-in put NAND 
gates w ith a gate corresponding to  each character. The fa c t  th a t only  
s ix  b it s  define the s ix ty  characters provides a su b sta n tia l savings in  
hardware sin ce  one le s s  input i s  needed for each gate (an 8-input NAND 
gate would have been required i f  a l l  seven bu ffer  b it s  were u sed ). S ix  
o f  the inputs are fed  by the output o f  the s ix  l e a s t  s ig n if ic a n t  buffer  
f l ip - f lo p s .  Each decodes a d if fe r e n t  ASCII code. The seventh input i s  
fed  by the output o f  the Pulse S e lec tio n  gate which generates the pulse  
tr a in  for the character sp e c if ie d  by the ASCII code on the other s ix  
in p u ts . The character decoder i s  i l lu s t r a t e d  in  F ig . 2 .8 .  The fo llo w -
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ing  Boolean exp ression  a p p l ie s
DECODER OUTPUT = PULSE TRAIN A  ASCII CODE
or DECODER OUTPUT = PULSE TRAIN A  ASCII CODE
Hence the character decoder a c ts  as an AND gate .
The outputs o f  the s ix t y  character decoder gates must be 'OR'ed t o ­
gether and then fed  to the in t e n s if ic a t io n  c ir c u itr y . This would re ­
quire a s ix t y  input 'OR' gate which ob v iou sly  exceeds the fa n -in  cap­
a b i l i t i e s  o f  DEC 2 MHa c ir c u i t s .  N o tice , however, th a t on ly  one char­
acter  decoder gate can be a c tiv e  a t  one time ( i . e .  th e ir  outputs are
e x c lu s iv e ) . By sim ply w iring -toe outputs o f  the s ix ty  decoder gates  
together w ith  a s in g le  clamped load we are able to  perform the 'OR' 
operation and. not use any lo g ic a l  hardware. In  fa c t ,  we have freed  
59 clamped loads which could be used elsew here. F ig . 2 .8  g ives the l o ­
g ic  diagram o f  the character decoder.
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CHAPTER I I I
TWO METHODS OF BEAM POSITIONING USING AN ANALOGUE HORIZONTAL SWEEP
3*1 Introduction
In 1968* a p ro jec t was begun by th is  department which has now 
brought us c lo se  to  the com pletion o f  a complete graphics term inal.
This w i l l  be d iscu ssed  fu rther in  chapter VI.
O rig in a lly  i t  was decided th a t a sim ple, lo w -cost character gener­
ator should be constructed  which used a ra ster  sweep method. At th at  
tim e, the method o f  unique pulse generation which was described in  chap­
te r  I I  was developed. A t e s t  model was constructed to  demonstrate the 
f e a s ib i l i t y  o f  the method. I t  was then decided to  incorporate the char­
acter  generator in to  a la r g er , more so p h istica ted  system .
During the subsequent development, three methods o f  r a ster  genera­
t io n  have been te s te d . A ll u t i l i z e  the same method o f  s e le c t in g  the 
character pulse tra in s  described in  the preceding chapter. Each method 
arose as the p ro ject proceeded toward a goal o f  increased  speed and f le x ­
i b i l i t y .
The two methods o f  beam p o sitio n in g  which use a h o r izo n ta l sweep 
c ir c u it  w i l l  be described in  the remainder o f  th is  chapter.
3 .2  H orizontal and V e r tic a l Sweep Method
8In  1968-69, another M aster's cand itate  designed and constructed, 
a lim ited, t e s t  model o f  an A/N character generator which su c c e s s fu lly  
generated the le t t e r s  "A" and "C”.
26
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His method o f  generating the v e r t ic a l  sweep was to  u t i l i z e  the saw­
to o th  output o f  a TEKTRONIX type 5^5 o sc illo sc o p e  tr iggered  by pu lses  l f 
8 , 15, 22 and. 29 which were derived  from the counter decoder. This pro­
duced f iv e  lin ea r  sweeps which were fed  to  the Y -axis o f  a TEKTRONIX 
type 56^ storage o sc il lo sc o p e .
To provide a h o r izon ta l sweep, he used an in teg ra te  and. hold  c i r ­
c u it  which charged a capacitor a t  a uniform rate  during the a c tu a l gen­
era tio n  o f  the character. The f in a l  vo ltage  was held  u n t i l  the next 
character was generated and the capacitor would, again be charged to  a 
higher v o lta g e . The output o f  th is  in tegra tor  was fed  to  the X -axis o f  
the storage o sc il lo sc o p e .
When the output o f  the character decoder *0R' gate was fed  to  the  
Z -axis o f  the storage o sc il lo sc o p e , characters could be generated as 
shown in  T ig . 3«1»
While th is  method worked, i t  was sev ere ly  lim ite d  in  speed by the  
in teg ra te  and hold c ir c u i t .  Due to  the large capacitor which was used, 
more than 100 msec were required to  discharge i t .  This meant th a t ,  
w hile a l in e  could be w ritten  a t  a f a ir ly  high character speed, a f u l l  
ten th  o f  a second was required before the next l in e  could be w r itte n .
For a low c o s t  character generator u t i l iz in g  a storage c . r . t .  the  
above ra ster  generating technique would be s u f f ic ie n t .  I f  a normal 
telephone channel capable o f  tran sm ittin g  1,200 b i t s / s e c .  were used to  
provide the ASCII codes to  the character generator, th is  method would 
be id e a l .
Of course, much fa s te r  sweep c ir c u it s  can be constructed as can 
in teg ra te  and hold c ir c u i t s .  Since the v e r t ic a l  sweep c ir c u i t  must on­
l y  sweep out a s in g le  character h e ig h t, i t  could be r e la t iv e ly  non -lin ear
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w ithout resu ltin g  in  noticeab le  character degredation. Hence a low c o s t
c ir c u it  could be used fo r  the v e r t ic a l  sweep c ir c u i t .
Instead o f  using the in teg ra te  and hold c ir c u it  to  provide the hor­
iz o n ta l beam p o sitio n in g , a continuously operating horizonta l sweep could
be used i f  the ASCII character codes are supp lied  in  a rapid sequence 
such as would occur in  a refresh  system . This sweep c ir c u it  must be 
q u ite  lin ea r  sin ce  i t  must sweep over the e n tir e  width o f  the d isp lay  
screen without n oticeab le  var ia tion s in  character width.
During the te s t in g  o f  the pulse s e le c t in g  c ir c u itr y  for the f u l l  
s ix t y  character s e t  described in  chapter I I ,  a temporary t e s t  c ir c u it  
was constructed to provide the v e r t ic a l  and h orizon ta l sweeps. This re­
su lted  in  the d isp lay  system i l lu s t r a t e d  in  F ig . 3*2.
The sweep c ir c u its  were id e n t ic a l except for  the RC time constants 
which con tro lled  sweep tim e. In  ad d ition , they could be r e se t  by a t r ig ­
ger p u lse . This i s  e sp e c ia lly  d esira b le  i n  the horizonta l a x is  to pro­
vide a carriage return function  ( i . e .  r e se tt in g  the beam to the l e f t -  
hand margin). The h orizon ta l sweep could be r e se t  in  one character time 
so th at when the ASCII code for a carriage return was decoded, no delay  
was required before the next character could be generated (r e c a ll  the 
l / lO  second r e se t  time o f  the in teg ra te  and hold c ir c u i t ) .
Appendix VII describes two d if fe r e n t  operating modes th at were t e s ­
ted . The low speed c ir c u its  were s e t  to  generate 1,020 characters per 
second w ith a dot in te n s if ic a t io n  o f  1 0 ^ s e c . This would be id e a l for  
a storage system such as the TEKTROMIX type 601 storage d isp lay  u n it .
The higher speed circu its were used in  a refresh mode and could 
supply up to 153 characters flick er  free. This figure was chosen since 
the PDP-8/S computer was used as a refresh memory and i t  was not able
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to  supply data to  the b u ffer  a t  a fa s te r  r a te . However, the v e r t ic a l  
sweep c ir c u it  could operate e f f e c t iv e ly  a t  125 KHz. Thus a character  
rate  o f  over 1? ,500  per second could have been a tta in ed  which would 
permit 440 f l ic k e r - fr e e  characters to  be generated.
Since i t  i s  not the purpose o f  th is  p ro jec t to  design the a ctu a l 
analogue sweep c ir c u i t s ,  those which were used are not presented h ere . 
However, many sweep c ir c u it s  are a v a ila b le  which could f u l f i l l  the re­
quirements mentioned above. A sweep c ir c u it  w ith  a period o f  3*5 /> sec. 
would permit a maximum clock  frequency o f  2 MHz which i s  the th e o r e t ic a l  
upper l im it  o f  the DEC lo g ic  c ir c u itr y  used in  the decoders. This would 
permit a character w r itin g  speed o f  41,000 characters per second.
The generator was ab le to  d isp la y  sev era l l in e s  o f  t e x t  by the use  
o f  a 3 b i t  down counter which fed  a D/A converter. Whenever the ASCII 
code fo r  a l in e  feed  was decoded, the counter was decremented. The 
output o f  the d / a converter was summed w ith  the v e r t ic a l  sweep c ir c u i t  
and the r e su lt in g  analogue vo ltage  was fed  to the Y -axis o f  the o s c i l l o ­
scope. Obviously the number o f  l in e s  could e a s i ly  be varied  by chang­
in g  the number o f  b it s  in  the counter and d / a converter.
The sweep method o f  h or izon ta l and v e r t ic a l  ra ster  generation  pro­
v id es a r e la t iv e ly  lo w -co st d isp la y . I t  i s  rather lim ited  in  f l e x i b i l i t y  
sin ce  one i s  unable to  p lace a character a t  a p a rticu lar  p o s it io n  on the  
screen . For in sta n ce , i f  one wished to  generate a character a t  th e r ig h t -  
hand margin one must w ait u n t i l  the sweep c ir c u i t  had reached th a t p o s i­
t io n  on the screen . In a d d itio n , th is  method i s  not w e ll suited, to  be­
in g  included in  a complete graphics term inal s in ce  very l i t t l e  o f  the 
character generator c ir c u itr y  could be shared by the graphic generating  
c ir c u its  and because o f  the im p o ss ib ility  o f  random lo ca tio n  o f  charac-
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t e r s .  Also on ly  one s iz e  o f  character i s  p o ss ib le  s in ce  the sweep c ir ­
c u it s  have constant sweep tim es.
3*3 Character Generator w ith  H orizontal Sweep and V ertica l d/ a Converter 
This method u t i l i s e s  the same h o r izo n ta l sweep c ir c u i t  which was 
used above. However, the v e r t ic a l  r a ster  generation i s  carried  out s o le ­
l y  through a D/A converter. I f  an 8 b i t  d / a converter i s  used, a p o ss i­
b i l i t y  o f  256 v e r t ic a l  p o s it io n s  i s  p o s s ib le .
A general b lock diagram o f  the system  i s  shown in  F ig . 3*3* An 
8 b i t  up-down counter r e g is te r  which may be loaded in  p a r a lle l  provides 
the input le v e ls  to  the d / a con verter. When the counter i s  c leared  to  
zero , the low est l in e  on the screen  i s  accessed .
During the generation o f  a ch aracter, the l e a s t  s ig n if ic a n t  3 b it s  
o f  the counter are c leared  by c lock  p u lses  1 , 8 , 15» 22, 29 (notes th ese  
are not the delayed p u lses which come from the counter decoder). A com­
p le te  d escr ip tio n  o f  how th is  works w i l l  be found in  S ection  ^ .4 . While 
the counter i s  being c lea red , i t  i s  d isa b led  to  prevent a cc id en ta l car­
r i e s .  Hence the v e r t ic a l  beam p o s it io n  a f te r  c lea r in g  w i l l  always oc­
cur a t  a p o s it io n  xxxxxOOO, where the x 's  can represent any one o f  
2-* = 32 character l in e  p o s it io n s .
The character i s  then generated by counting up s ix  more p o sitio n s  
from th ese lower poin ts to  provide fo r  the seven v e r t ic a l  dot p o s itio n s  
o f  the 5 x  7 m atrix. Since th is  i s  repeated 5 tim es w hile the horizon­
t a l  sweep i s  fu n ction in g , a r a ste r  may be formed as shown in  p ig . 3»^©»
By connecting the output o f  the character decoder to  the 2 -a x is  in ten ­
s i f i c a t io n  c ir c u its  as b efore , s e le c te d  dots may be in t e n s if ie d  to pro­
duce a character.
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A carriage return i s  generated by r e s e t t in g  the h orizon ta l sweep 
c ir c u i t .  A l in e  feed  may be produced by counting down i n  the 4th  or 
5th le a s t  s ig n if ic a n t  b it s  to  produce e ith e r  a s in g le  or double space. 
This w i l l  be f u l ly  described in  the chapter on S p ec ia l Characters.
Although the use o f  a v e r t ic a l  d / a converter i s  more expensive  
than a v e r t ic a l  sweep c ir c u i t ,  i t  perm its the character generator to  
be incorporated in to  a modest graphics term in a l. Since the counter 
r e g is te r  may be loaded to any value by a p a r a lle l  data tra n sfer , ran­
dom v e r t ic a l  dot p o sitio n in g  i s  a lso  p o s s ib le . Hence functions can be 
p lo tte d  w ith  the h orizon ta l sweep rep resen tin g  the independent v a r ia b le .
Thus the use o f  a v e r t ic a l  D/A  converter provides a d d i t i o n a l f le x ­
i b i l i t y .  Obviously more b it s  can be added to  the v e r t ic a l  d / a conver­
te r  to  provide greater v e r t ic a l  r e so lu t io n  but th is  requires more c ir ­
c u itr y  and would th erefore add to  the c o s t  o f  the d isp la y  u n it .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV 
BEAM POSITIONING BI USING D/A CONVERTERS
4 .1  Introduction
Although the use o f  a v e r t ic a l  d / a converter w ith  a horizontal sweep 
c ir c u i t  provided increased  f l e x ib i l i t y ,  i t  i s  not w e ll su ited  to a gener­
a l  graphics term inal. The goal o f  b u ild in g  a complete graphics term inal 
imposed severa l ad d ition a l design  co n stra in ts  which had to be included  
in  the f in a l  character generator.
F ir s t , a refresh  system was to be used . This im p lies high charac­
te r  w riting  speeds. R eca ll th a t the h orizon ta l sweep c ir c u its  required  
an ad d ition a l 14 dot times to generate the spacing between characters.
The ad d ition a l 4055 which must be added to  the character generating time 
was a c tu a lly  wasted in  terms o f  the u se fu l inform ation which was being  
disp layed . Obviously i t  would be b e tter  to provide the spacing in  one 
or two dot tim es.
Second, since a graphics c a p a b ility  was to be added, i t  was de­
s ir a b le  to  be able to  share some o f  the dot p o sitio n in g  c ir c u itr y  o f  the 
character ra ster  generator. This means th a t a com pletely random dot 
p o sitio n in g  c a p a b ility  must be provided in  both the horizonta l and ver­
t i c a l  d irec tio n .
Third, three character sizes would be an asset to a graphics ter­
minal. I f  sweep circu its were used for character generation, their 
time constants would have to be altered under d ig ita l control. The
36
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a sso c ia ted  c ir c u itr y  would become very complex and the casual user o f  
the system  would probably have d i f f i c u l t y  keeping track  o f  the current 
beam p o s it io n  i f  the sweep time var ied  from character to  character.
Also su b scrip tin g  and su perscrip tin g  should be provided by hardware 
rather than softw are.
F in a lly , we wished to  make the operation  o f  the character generator 
t r i v i a l  to  the user who i s  not fa m ilia r  w ith  a computer system and s t i l l  
permit him to use the f u l l  c a p a b ility  o f  the character generator through 
the keyboard and a few a d d ition a l fu n ction  keys.
I f  two up-down-counter r e g is te r s  are used so th a t one con tro ls a 
v e r t ic a l  d / a converter as b efore, and the other su p p lie s  input le v e ls  
to a h o r izon ta l d / a con verter,com pletely  random p o s itio n in g  o f  the beam 
anywhere on the screen  i s  p o s s ib le . Thus a l l  o f  the above design con­
s tr a in ts  can be r e a d ily  s a t i s f ie d .
4 .2  One P o ssib le  Method
J ig . 4 .1  very b r ie f ly  i l lu s t r a t e s  a p o ss ib le  method o f  beam p o s it io n ­
ing  which u t i l i z e s  h o r izon ta l and v e r t ic a l  d /a  con verters. The character  
r a ster  would be generated by two 3- b i t  up counters each co n tro llin g  a 
D/A converter. The v e r t ic a l  counter would i n i t i a l l y  be c leared . I t  
would then count up s ix  tim es, be r e s e t ,  count up s i x  tim es, e t c .  Re­
peating th is  5 tim es would produce 5 columns o f  7 d o ts . I f  the horizon­
t a l  D/a converter were i n i t i a l l y  c leared  and then incremented whenever 
the v e r t ic a l  counter was r e s e t ,  the 5 x  7 dot r a s te r  would be generated.
The output o f  the two d/ a converters could be am plified  to  provide 
d if fe r e n t  character s iz e s .  Then the r e su lt in g  v o lta g e  would be summed 
w ith the appropriate X and Y p o s it io n  v o ltages to  y ie ld  the f in a l  beam
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positioning voltages. Character positioning would be completely random.
Spacing must be provided by changing the value of the horizontal 
position register before the next character i s  to be generated. Simi­
larly , lin e  feeds as w ell as positioning for subscripting and super­
scripting would be provided by changing the value o f the vertica l posi­
tion register.
This method requires four D/A converters, two scaling am plifiers, 
two summing amplifiers and complex circu itry  to coordinate the two re­
gisters which are associated with each axis. I f  one were to use a c . r . t .  
with both e lectrosta tic  and electromagnetic deflection, th is method might 
be advantageous. The beam could be positioned electromagnetically and 
the character raster generated at th is position e lectro sta tica lly . This 
would eliminate the summing amplifiers since the deflection systems would 
provide the summing function.
This method of beam positioning has the advantage o f completely ran­
dom dot and character positioning. However, keeping track of the current 
beam position to provide for automatic subscripting, superscripting and 
variable spacing between d ifferent sized characters could be excessively  
complicated.
4 .3  The General Method Used
From the o u tse t, we had decided to  use e le c tr o s ta t ic  beam d e f le c ­
tio n  alone. The above method would, th erefore , be very w astefu l s in ce  
13 b it s  o f  D/A converter y ie ld  only 10 b it s  o f  ac tu a l beam p osition in g  
due to summation o f  the output v o lta g es . In  ad d ition , sca lin g  and sum­
mation require expensive a m p lifiers .
One other factor must also be considered. Is  i t  rea lly  necessary
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to be able to provide com pletely random character p o sitio n in g ?  Perhaps 
i t  would be s u f f ic ie n t  to  provide fo r  one o f  64 p o ssib le  l in e s  for  v er ­
t i c a l  character p o s it io n in g . I t  would c e r ta in ly  s im p lify  subscrip ting  
and su p erscr ip tin g . This was the approach which was chosen.
The problem now became one o f using the position register to also  
provide the character raster and scalin g . Admittedly, the control c ir ­
cuitry would be complex but i t  would be le ss  co stly  than the operational 
amplifier and d/a converter required to implement the other method.
The normal method o f operating a counter i s  to always count in  the 
le a s t  sign ifican t b it  position  and l e t  the output carry over to higher 
sign ifican t b its  for successive counts. Refer to Fig. 4 .2 a .
The method which was used fo r  the X & Y r e g is te r  permits pu lses to  
be gated by con tro l c ir c u itr y  to  the appropriate counter b i t .  Hence, 
in stea d  o f  counting two p u lses in  the u n ity  p o s it io n , a s in g le  count in  
the tw o's p o s itio n  y ie ld s  the same f in a l  value in  the counter. Thus 
one can cause la rge  changes in  the value o f  the counter w ith  a s in g le  
pulse ( i . e .  a s in g le  pu lse in  the 6 4 's p o s it io n  i s  the same as 64 pu lses  
in  the l ' s  p o s it io n ) . F ig . 4 .2b  i l lu s t r a t e s  t h i s .  Notice th a t each b i t  
can be tr iggered  to  count by e ith e r  a carry from a le s s e r  s ig n if ic a n t  
b i t  or by the count pulse being gated to  i t s  tr ig g e r . The pu lse ampli­
f i e r  (PA) i s  necessary  to  convert the carry le v e l s  to pu lses which are 
used to tr ig g e r  the next f l i p - f l o p .  I f  a true le v e l  were perm itted to  
remain on the OR gate no fu rther p u lses would be able to  pass through 
i t .
The actual implementation of the X and Y registers and their asso­
ciated control c ircu itry  i s  quite complicated and, there i s  substantial
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overlapping between normal characters, sp e c ia l characters and graphics.
For th is  reason, the d escr ip tio n  o f  these c ir c u its  w i l l  be continued in to  
the chapter on S p ecia l C haracters. I t  w i l l  a lso  be included in  the gen­
e r a l block diagram o f  the graphics term inal which w i l l  be d iscussed  b r ie f ­
ly  in  Chapter VI.
4 .4  Character S ize S e lec tio n
Before continuing w ith  the d escr ip tio n  o f  the r e g is te r s , two impor­
ta n t considerations must be introduced. F ir s t , the term inal can recog­
n ize  two types o f  12 b i t  inform ation words; an in str u c tio n  word and a 
data word. The in s tr u c tio n  word provides inform ation to  s e t  the d isp lay  
in to  a particu lar operating mode. For example, the mode could be alpah- 
numeric or any one o f  sev era l graphics modes. Once a mode has been s e l ­
ec ted , a l l  data words which fo llow  are in terp reted  as data in  the con­
te x t  o f  th at p a rticu la r  mode. As many data words may fo llow  as the user 
o f  the system wishes and each w i l l  be in terp reted  the same way u n t il  
another in stru ctio n  word i s  encountered. For in sta n ce , the data word 
could contain the 7 -b it  ASCII code plus other inform ation about the char­
a c ter . A d escr ip tion  o f  the a/N data and in str u c tio n  words w i l l  be found 
in  Appendix IV.
The second, consideration  i s  th a t o f  character s i z e .  The X and. Y 
r e g is te r s  are each 10 b it s  in  len g th . Thus 2 ^  = 1 ,024 d is t in c t  p o s i­
tio n s  can be s e le c te d  along each a x is .  This means th at on a 10 inch
10  ^ 1
square screen, the dot spacing (ra ster  u n it)  would be 1024 = 100 inch .
Since a character i s  seven dots high (six  spaces between them), i f  every
6 1
dot were to be used, a character would on ly  be about 100 or l £  o f  an 
inch  h igh . Obviously th is  i s  too sm all.
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Three character s iz e s  can be generated, by the character generator.
The sm a lle st uses every second dot p o s it io n , the normal character uses  
every fourth dot p o s it io n  and the la r g e s t  uses every  e igh th  p o s it io n .
Hence the characters are about l / 8 , l / 4  and l / 2  in ch  h igh . Appendix I I I  
i l lu s t r a t e s  the exact r e la tio n sh ip  between character s iz e  and p o sitio n  
on the screen .
Now one can see  the advantage o f  having the p o s it io n  r e g is te r  cap­
able o f  counting in  the 2 ' s ,  4 's  or 8 's  p o s it io n . A ll characters may 
s t i l l  be generated by the same 35 c lo ck  p u lses but th ey  w i l l  be gated  
to  the appropriate counter b i t  according to  the d esired  character s iz e .
F ig . 4 ,3  i l lu s t r a t e s  the c ir c u itr y  required to  s e le c t  the proper 
character s i z e s .  The middle s iz e d  character i s  the normal character.
The sm a lle st character may be p osition ed  w ith  resp e c t to the normal char­
acter  as e ith e r  a su b scrip t or a su p erscr ip t by hardware. The la r g e s t  
character could be used as a c a p ita l l e t t e r  fo r  the normal characters.
This i s  su ita b le  fo r  a 10" d isp la y  screen  but what about a sm aller  
screen? I f  the screen  were 5 ” h igh , the sm a lle st character would be 
l / l 6 " h igh . Thus, when s e le c t in g  the a/N mode, the user has the option  
o f  sp ec ify in g  a double mode. In  th is  mode, the sm a lle st character i s  no 
longer a v a ila b le . The double s iz e d  (C apita l) character becomes the nor­
mal character, and the middle s iz e d  character may be hardware p osition ed  
as a su b scrip t or a su p erscr ip t.
R eferring to F ig . 4 .3 . one can see three f l i p - f l o p s .  The double 
f l i p - f l o p  can be s e t  during a change to  the A/N mode. I t  i s  always cleared  
f i r s t  and then i f  b i t  8 o f  the d isp la y  b u ffer  i s  in  the '1 * s ta te  i t  w i l l  
be s e t .
The other two f l ip - f lo p s  are s e t  by the data word. They cannot be
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cleared  before they are loaded as was the case fo r  the "DOUBLE " f l i p -  
f lo p . This i s  because the 36th  c lock  pu lse (which i s  used to  c lea r  the 
data r e g is te r ) ,  i s  a lso  used to  provide the proper spacing between char­
a c te r s . Since character spacing v a r ies  w ith  character s i z e ,  we cannot 
destroy the s ta tu s  o f  these two f l i p - f l o p s .  Thus the in v erters  ( la b e lled  
16 and 17 ) permit th ese  two f l ip - f lo p s  to  be loaded in  a "jam-transfer" 
mode.
The f l ip - f lo p  la b e lle d  "SUPER" i s  ignored by the gatin g  c ir c u itr y  
un less the "SCRIPT" f l ip - f lo p  i s  s e t .  Thus i f  the "SCRIPT" f l ip - f lo p  i s  
c leared , a normal character w i l l  be generated. R eca ll, however, th a t we 
wish to  have -three character s iz e s  in clu d in g  a double s iz e  character 
( c a p ita l) .  I f  the "DOUBLE" f l ip - f lo p  was not s e t  during in s tr u c tio n  time 
we must accomplish th is  in  another manner. This i s  done by MAUD gate #1 
as fo llo w s j-
®  CAPITAL = SCRIPT A SUPER
The output o f  th is  gate plus the "0" output o f  the "DOUBLE" f l ip - f lo p  
are 'OR'ed in  the NAND gate # 2 :-
Thus the double s ize  character may be chosen in  e ither the double or the 
normal mode.
The outputs o f the fin a l character size  se lection  gates are as fo l­
lows :-
(?) DOUBLE A  SCRIPT = DOUBLE
®  NORMAL A DOUBLE A SCRIPT = NORMAL V  (DOUBLE A SCRIPT)
®  NORMAL A (SUB A SCRIPT)
®  NORMAL A (SUPER A SCRIPT)
DOUBLE = DOUBLE A  CAPITAL
or DOUBLE = DOUBLE V CAPITAL
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Figure 4 .4a  Dot Matrix
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Figure 4 .4b  Character Count Control C ircu itry
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@ DOUBLE A  (SUPER A  SCRIPT)
DOUBLE A  (SUB A  SCRIPT)
Thus we have f iv e  decoded outputs which in d ica te
(a ) a double s ia e d  character
(b) a normal character or a double scr ip ted  character  
(which are a c tu a lly  the same character)
(c )  a normal su b scrip t
(d) a normal su p erscr ip t
(e )  a double su b scrip t
( f )  a double su p erscr ip t
These outputs provide le v e ls  which are used by the X and Y count 
s e le c t io n  c ir c u itr y .
4 .5  Character Count C ontrol C ircu itry
To generate the 5 x 7  d ot r a s te r , the 35 c lo ck  pu lses must be gated  
to  the X and Y r e g is te r s  a t the appropriate tim es. This i s  done by the 
"character count co n tro l c ir c u itr y " . R eca ll th a t the in te n s if ic a t io n  
s ig n a ls  which were derived  from the character decoder were a c tu a lly  de­
layed  w ith  resp ec t to  the c lock  to  prevent ambiquity w hile the counter 
was changing. A ctu a lly , we must a lso  ensure th a t the X and Y d / a con­
verters  have reached a steady  s ta te  vo ltage  ( i . e .  the beam has s e t t le d  
in  p o s it io n )  before we in t e n s if y  the d o t. Thus we must use the actu a l 
clock  pu lses to  count i n  the X and Y p o s it io n  r e g is te r .  P ig . 4 .4b  shows 
the required c ir c u i t .
The beam o f  the c . r . t .  must f i r s t  be i n i t i a l l i s e d  to  one o f  the  
p o ss ib le  v e r t ic a l  p o s it io n s  fo r  character generation ( i . e .  p o s itio n  #1 ) .  
Then s ix  c lock  p u lses are supplied  to  the Y r e g is te r  a t  the appropriate 
count p o s it io n  to  generate the v e r t ic a l  column o f  dots 2 to  7 . Refer
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to  F ig . 4 .4 a . The beam mast then be v e r t ic a l ly  r e s e t  to  the i n i t i a l  
p o s it io n  and spaced over h o r izo n ta lly  to  the r ig h t ( i . e .  p o s it io n  #8 ) .  
This i s  repeated four tim es to  y ie ld  the 35 dots o f  the m atrix.
The load data pulse tr ig g e rs  the delay  #1 which i s  a c tu a lly  a pulse  
stre tch er  providing a le v e l  fo r  the len th  o f  the d elay  tim e. The le v e l  
which i s  produced i s  in verted  and supplied  to  NAND gates #3 and #5 . This 
in h ib it s  the counting in  the Y d ir e c tio n  and enables the beam to be re ­
s e t  v e r t ic a l ly .  The X count i s  a lso  d isabled  a t  th is  tim e.
NAND gate #2 d etec ts  delayed c lo ck  pulses from the "counter decoder". 
Pulses #7, #14, #21 and. #28 are e f f e c t iv e ly  'OR’ed as fo llo w s : -  
#7 A  #3A A  “#21 A #28 = #7 V #14 V  #21 V  #28 
The output i s  inverted  and used to  tr ig g e r  d elay  #2. The output o f  th is  
d elay  i s  inverted  and supp lied  to  NAND gates #1 and #3. I t  i s  a lso  fed  
w ithout in v ertin g  to  gate #4. The d elay  i s  enabled by the "X count en­
able" le v e l  derived from the sp e c ia l character decoder. I t  i s  only d is ­
abled i f  a NOLL (zero ASCII) code i s  decoded.
NAND gate #1 'OR's the in verted  outputs o f  the two delays and enables 
gate #5 which has the c lock  a t  i t s  other input . Thus gate #5 allows 
the f i r s t  c lock  pulse which arrives a fte r  LD a/N DATA or #7 or #14 or 
#21 or #28 to  pass through ( i . e .  1 , 8 , 15» 22, 2 9 ). The output pulse  
w i l l  be referred  to as "Y CHAR RESET" and i s  used to  i n i t i a l l y  p o sitio n  
the beam a t the bottom o f  the f iv e  columns in  the 5 x 7 dot m atrix.
The NAND gate la b e lle d  #4 i s  enabled by the output o f  delay  #2 and 
gates the f i r s t  c lock  pulse to  arrive a fte r  the enable le v e l  to  increment 
the X-counter ( i . e .  8 , 15» 22, 2 9 ). The output p u lses are referred  to  
as "X CHAR COUNT".
GATE #3 i s  enabled whenever e ith e r  delay i s  not a c t iv e . The delays
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are adjusted so th a t th ey  are a c tiv e  on ly  long enough to  permit one c lock
pulse to  r e se t  the Y counter and increment the X counter. Thus a l l  c lock
pu lses except 1 , 8, 15 , 22 and 29 are allow ed to  pass through gate #3.
The output pulses are referred  to  as ,rY CHAR COURT” and when gated to  the 
Y counter, provide the p u lses which increm ent the counter.
The output o f  gate #1 i s  a lso  in verted  and c a lle d  the "Y RESET LEVEL".
This i s  required to  prevent the Y counter from performing a carry w hile  
i t  i s  being r e s e t .
Timing diagrams are provided in  Appendix V.
4 .6  X R egister  Count S e le c t io n
Table 4 .1  l i s t s  the requirements o f  the X r e g is te r .
COUNT
POSITION UP DOWN USE
1 v / v ' GRAPHIC l ’s
2 ✓ l ' s  CARRY GRAPHIC 2 's sm all char
4 ✓ >/ 2 ’s CARRY GRAPHIC 4 's medium char sm all space
8 ✓ 4 's  CARRY double char medium space
16 ✓ x / 8 ’s CARRY double space
64 x / 3 2 's CARRY TABULATE
X R eg ister  Counting C a p a b ilit ie s  
TABLE 4 .1
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The graphic inputs ( i . e .  GR 2 's )  have been provided, for  use by the  
graphics portion o f  the term inal and w i l l  not be d iscussed  h ere. The 
"TAB COUNT 64" input w i l l  be d iscussed  in  the chapter on S p ec ia l Char­
a c te r s . F ig . 4 .5  i l lu s t r a t e s  the required, c ir c u itr y  to  s e le c t  the ap­
propriate counting p o s it io n . The 36th c lock  pulse which c le a r s  the 
b u ffer  and. counter i s  a lso  used to  provide the "CHAR SPACE" p u lse .
The carry inputs to  the NAND gates are not d ir e c t ly  connected to  
the output o f  the preceding f l ip - f lo p .  Since the carry outputs from 
f l ip - f lo p s  are le v e l s ,  they would prevent any other counting pu lses from 
passing through the gate i f  they were perm itted to remain p o s it iv e .  Thus 
the output o f  the f l ip - f lo p  i s  used to tr ig g e r  a pulse am p lifier  which 
on ly  generates a 100 nsec pu lse and then returns to a negative le v e l .
I t  i s  th is  pulse which i s  connected to the input o f  the NAND gate ( i . e .  
l ' s  CARRY UP). Note th a t the X r e g is te r  i s  an up-down counter. The up 
carry pulse am p lifier  i s  tr iggered  when the *1' output o f  the f l ip - f lo p  
goes to  ground. The down carry pulse am p lifier  i s  triggered when the 
'O' output goes to  ground.
The "X COUNT" outputs are the inputs to  the various counting p o s i­
tio n s  o f  the X r e g is te r .
4 .7  The X R egister
The X r e g is te r  i s  a 10 b i t  up-down counter which i s  a lso  capable o f  
being loaded in  p a r a lle l .  The c ir c u it  i s  shown in  F ig . 4 .6 .
The f l ip - f lo p  outputs which are used, to  tr igger  carry pu lse ampli­
f ie r s  ( i . e .  l ' s  CARRY UP) are shown leav ing  the f l ip - f lo p  but the pulse  
am p lifiers are not shown.
The inputs la b e lle d  "DOWN COUNT X" and "UP COUNT X" are derived, from
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Figure 4 .6 a  X R eg ister  (Least S ig n if ic a n t B its )
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con tro l c ir c u itr y  which w i l l  he d iscussed  la te r .  The input la b e lle d  
"LOAD X” i s  used for  graphics as are the 10 le v e l  inputs "DBR # 2 , . . . ,
DBR #11". The "Display Buffer R egister" (DBR) i s  a 12 b i t  memory buffer  
r e g is te r  which i s  used to accept data and. in stru c tio n  words being read 
from the refresh  memory.
The "CLEAR X" input i s  a lso  a graphics operation which always pre­
cedes the loading o f  the r e g is te r . The "CLEAR X" pulse i s  a lso  used by 
the carriage return which w i l l  be d iscussed  as a S p ec ia l Character in  
the next chapter.
The "1" outputs o f  the ten  f l ip - f lo p s  are connected, to  the d ig i t a l  
inputs o f  the 10 b i t  D/A converter. This y ie ld s  the f in a l  analogue v o l­
tage which i s  used to  drive the X d e fle c t io n  c ir c u itr y  o f  the c . r . t .
4-.8 Y R egister Count S e lec tio n
This c ir c u itr y  functions in  ex a ctly  the same manner as the X -reg is-  
te r  count s e le c t io n  c ir c u itr y  but provides d if fe r e n t  counting ca p a b ili­
t i e s .  Table 4 .2  l i s t s  the counting requirements o f  the Y r e g is te r .
COUNT
POSITION UP DOWN USE
1 ✓ v / GRAPHIC l ' s
2 v / v / l ' s  CARRY GRAPHIC 2 's sm all char
4 y / v ' 2 's  CARRY GRAPHIC 4 ’s medium char
8 \S 4 's  CARRY double char
16 8 's  CARRY lin e  feed
32 ✓ 1 6 's CARRY lin e  feed
64 v / 32’s CARRY lin e  feed
128 v / 6 4 's CARRY lin e  feed
Table 4 .2  Y R eg ister  Counting C a p a b ilitie s
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Character
Size
Character
Type
I n i t i a l  Y 
P o sitio n
# o f  P ossib le  
P o sitio n s
# o f  l in e s  o f  
t e x t  for  each  
character s iz e
Largest DOUBLE x x j c x O O O O O O 16 16
Medium
DOUBLE SUBSCRIPT 
OR NORMAL
DOUBLE SUPERSCRIPT
2 Q O Q C 0 0 0 0 0 0
xxxxlOOOOO
16
16
32
Sm allest
NORMAL SUBSCRIPT 
NORMAL SUPERSCRIPT
xxxxxOOOOO
xxxxxlOOOO
32
32
64
Y-Reset P o sitio n  
TABLE 4 .3
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As one can s e e , four s iz e s  o f  l in e  feeds are p o s s ib le . This occurs 
s in ce  a s in g le  spaced or double spaced l in e  feed  may be user sp e c if ie d  
and the s iz e  o f  spacing depends on the character s iz e  sp e c if ie d . The 
"DOUBLE SPACE”, "SINGLE SPACE” and "LINE" con tro l s ig n a ls  are derived  
from the S p ec ia l Character C ircu itry . F ig . 4 ,7  i l lu s t r a t e s  the Y Count 
S electio n  c ir c u itr y .
4 .9  Y-Reset C ircu itry
I t  was prev iou sly  mentioned th a t as the character m atrix i s  being  
generated the Y r e g is te r  must be r e s e t  f iv e  tim es to  some i n i t i a l  value  
depending on the v e r t ic a l  p o s itio n in g  and s iz e  o f  the character. In  
ad d ition  to  t h i s ,  hardware generated su b scrip ts  and. su p erscrip ts must 
be properly p osition ed  w ith resp ec t to  the main l in e  o f  t e x t .
The Y-RESET c ir c u itr y  i s  used to  gate the Y-RESET pulse (which i s  
generated by the Character Count C ontrol c ir c u itr y )  to  the Y r e g is te r  
in  such a way as to  c o rrec tly  i n i t i a l i z e  each o f  the 5 v e r t ic a l  columns 
o f  dots which comprise the dot m atrix. Appendix I I I  i l lu s t r a t e s  a l l  
p o ss ib le  character p o sitio n s  and Table 4 .3  l i s t s  the i n i t i a l  values which 
must be loaded in to  the Y r e g is te r  fo r  d if fe r e n t  characters.
F ig . 4 .8  i l lu s t r a t e s  the c ir c u itr y  which i s  required, to  r e se t  the Y 
counter. The outputs o f  the 4  r e s e t  gates are connected to  the outputs 
o f  the appropriate f l ip - f lo p s .  For example, the DOUBLE-SUPER-SCRIPT 
le v e l  and the Y r e s e t  pulse are gated by a NAND gate to  the 32 c o l le c to r .  
This means th a t the output o f  the gate i s  connected to  the "ZERO” output 
o f  the 32 's f l i p - f l o p .  When th is  i s  forced  to  the "ZERO" s ta te  by the 
NAND gate the other s id e  o f  the f l i p - f l o p  i s  s e t  to  the "one" s ta te .
The "CLEAR Y" pulse i s  a graphics pu lse which i s  used to  c lea r  the
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Figure 4 .9 a  Y R egister  (Least S ig n if ic a n t B its )
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Figure 4 .9b  Y R eg ister  (Most S ig n ific a n t B its )
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
Y r e g is te r . N otice th a t i t  c le a r s  the 512, 256, 128, 64, 32, 16 f l i p -  
f lo p s  o f  the Y r e g is te r  d ir e c t ly  but i s  NANDed. w ith  the Y-RESET pulse to  
c lea r  the 8, 4 , 2 , 1 f l i p - f l o p s .  This NAND gate a c ts  as an OR gate so  
th a t the l e a s t  s ig n if ic a n t  4 f l ip - f lo p s  may be cleared, during character  
generation w ithout changing the va lues o f  the other 6 f l ip - f lo p s .
4 .1 0  The Y R eg ister
The Y r e g is te r  i s  a 10 b i t  up-down counter which i s  capable o f  being  
loaded in  p a r a lle l .  J ig . 4 .9 a  and b i l lu s t r a t e s  the c ir c u i t .
The "UP Count Y" and "DOWN Count Y" both are derived, from the UP- 
DOWN count con tro l c ir c u itr y . The "LOAD Y" pulse i s  a graphics pulse  
which i s  used to  strobe the contents o f  DER b it s  2-11 in to  the Y r e g is ­
te r  in  p a r a lle l .
The "1" outputs o f  the f l ip - f lo p s  drive the 10 b i t  Y D/A converter. 
This d/ a converter y ie ld s  the f in a l  analogue v o lta g e  which i s  fed  to  the  
Y -axis driv in g  c ir c u it s  o f  th e e . r . t .
4 .1 1  UP-DOWN Count S e le c t io n  C ircu itry
This c ir c u itr y  i s  required to  con tro l the X and Y r e g is te r s .  I f  
one i s  generating a normal character, both the X and Y r e g is te r s  must 
count up. But in  sp e c ia l cases e ith e r  or both may be required to  count 
down.
F ig . 4 .10  i l lu s t r a t e s  the c ir c u itr y . The 4  DCD gate inputs to  the 
f l ip - f lo p s  are used fo r  the graphics "DOT" mode and w i l l  not be d is ­
cussed here.
When the A/N b u ffer  i s  being loaded, the two f l ip - f lo p s  are a lso  
s e t  to  the "one" s ta te  in  a n tic ip a tio n  o f  a normal character. I f  the 
character i s  to  be a "back space” , pulse #1 from the counter decoder
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Figure 4 .10  UP-DOWN Count S e le c t io n  C ircu itry
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c lea rs  the X count f l ip - f lo p  so th a t i t  w i l l  count down in stea d  o f  up. 
S im ilarly  a "line feed" (LF) or a "carriage return" (CE) or a NULL ( a l l  
zero ASCII code) w i l l  enable pulse #1 to  s e t  the down count o f  the X 
count f l ip - f lo p .  The "tabulate" (TAB) w i l l  permit pu lse #14 to  a lso  
c lea r  the X f l ip - f lo p  for  a down count. The actua l generation o f  these  
four sp e c ia l characters w i l l  be d iscu ssed  in  d e ta i l  in  the next chapter. 
N otice, however, th a t e ith e r  the "X r e s e t  lev e l"  or the "Inhib it Normal 
Character" le v e l  w i l l  d isab le  the X up count. During sp e c ia l character  
generation, the X r e g is te r  must not count in  the UP d ir e c t io n . A lso, 
w hile the X r e g is te r  i s  being r e se t  by the "X r e s e t  pulse", the X re ­
g is te r  must be prevented from counting s in ce  c lea r in g  a f l ip - f lo p  could  
cause a carry to  propagate through the counter.
In  addition  to  the above c a se s , the UP output o f  the X count f l i p -  
f lo p  i s  a lso  gated. I f  the X r e g is te r  i s  s e t  to  a down count and the 
"A/N MODE" le v e l  i s  p resen t, the gating in h ib it s  the X count up, s in ce  
i f  any input to  the NAND gate i s  a zero the output w i l l  be a one (nega­
t iv e )  which cannot be used to  enable the counter.
N otice th at the f l ip - f lo p s  are always s e t  during bu ffer  loading  
but may be m odified la t e r .  The f l ip - f lo p s  are not c leared  a t  the end 
o f  generating a character by pulse #36 as the b u ffer  i s .  This i s  neces­
sary  to keep the X count up enabled during the generation o f  the charac­
te r  space.
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CHAPTER V
SPECIAL CHARACTERS
5 .1  Introduction
In  add ition  to  the s ix t y  p r in tin g  characters which can be generated  
four ad d ition a l characters can be recognized . These are the carriage  
return which r e se ts  the beam to  the l e f t  hand margin, the l in e  feed  which 
moves the beam down to  a new l in e ,  the back space, and the h orizon ta l 
tab u late  which permits e ig h t  v e r t ic a l  columns to  be au tom atica lly  l e f t  
ju s t i f ie d .
These characters have been implemented to  permit the beam to be 
ra p id ly  p osition ed  a t  the proper p o in t on the screen  s o le ly  through the  
keyboard o f  the T eletype. This makes i t  easy  fo r  the user to  operate  
the t e x t  generator. He i s  not con scio u sly  required to load  the X and Y 
r e g is te r  w ith ac tu a l numeric va lu es s in ce  the hardware does th is  for  
him.
The le ft-h a n d  margin can a lso  be s e le c te d  by the u se r . Thus i f  he 
w ishes to generate a column a t  the right-hand s id e  o f  the screen , he need 
not generate a carriage r e tu rn -lin e  feed  to the l e f t  margin and then  
have to  space across to  the r ig h t aga in . This reduces the number o f  
characters which must be refresh ed  so th a t more u se fu l inform ation may 
be d isp layed .
5 .2  S p ecia l Character Decoder
R eca ll th a t on ly  s ix  b it s  o f  the seven b i t  buffer were used by the
6k
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Figure 5*1 S p ec ia l Character Decoder
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character decoder to determine which character was to be generated. A ll 
seven b it s  are required for the sp e c ia l character g a tes . These gates 
are a lso  seven input NAND gates s in ce  they are not required to gate a 
unique pulse tr a in  ( i . e .  they are n on -p rin tin g).
F ig . 5*1 i l lu s t r a t e s  the s p e c ia l character decoder. In  add ition  
to  the carriage return, l in e  feed , back space and ta b u la te , the n u ll or 
zero ASCII code i s  d etec ted . This permits the d isp la y  to  remain in  the 
A/N mode for  a f ix ed  refresh  time by cy c lin g  through an area o f  memory 
o f  constant len g th . I f  there i s  not enough inform ation to  f i l l  th is  
block o f  memory, the vacant lo c a tio n  can be f i l l e d  w ith zero s . When 
they are transferred  to the a/N generator no character w i l l  be generated 
but the c lock  w i l l  run fo r  the same time required by any other character. 
This i s  done by perm itting pulse #1 to  s e t  the Y COUNT s e le c t io n  f l i p -  
f lo p  o f  F ig . 4 ,10  to  the DOWN s t a t e .  This w i l l  then prevent any count­
in g  in  the X r e g is te r  so th a t no displacem ent w i l l  be p ossib le  in  the 
X d irec tio n  during a NULL.
The outputs o f  the 5 decoding gates are "0R,,ed. by the 5 input NAND 
g a te . The output o f  th is  i s  in verted  y ie ld in g  a p o s it iv e  output. This 
i s  sen t to  the ’INHIBIT NORMAL CHARACTER” input o f  F ig . 4 .1 0  preventing  
the Y r e g is te r  from counting up. In  ad d ition , th is  le v e l  in h ib its  the 
pulse tra in  from the character decoder from reaching the Z -ax is . This 
i s  necessary sin ce  the s ix  b i t  code d etected  by the character decoder 
w i l l  not uniquely decode the seven b i t  code being used. For example, 
the carriage return ASCII code i s  215 w hile the l e t t e r  M i s  315* The 
l e a s t  s ig n if ic a n t  s ix  binary b it s  are 001 101 in  both c a se s . Thus the 
character decoder w i l l  tr y  to generate a unique pulse tr a in  for  the 
l e t t e r  M in  both c a se s . However, i f  b i t  seven i s  a "0” as i s  the case
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fo r  the carriage retu rn , the pu lse tr a in  i s  in h ib ited  and does not in ­
t e n s ify  the Z-axis w hile  the carriage return i s  being executed.
5*3 The Back Space
This i s  the s im p lest o f  the s p e c ia l characters. R eferring again  
to  F ig . 4-.10, one can see  th a t the BACK SPACE output o f  the sp e c ia l  
character decoder enables pu lse  #1 to  s e t  the X r e g is te r  to  count down. 
Thus as the character i s  generated the f iv e  v e r t ic a l  columns w i l l  move 
from l ig h t  to  l e f t  fo llow ed  by the appropriate spacing a lso  to the l e f t .  
N otice th at s in ce  we are counting down in stea d  o f  up and no other changes 
are made, we can s t i l l  s p e c ify  a character s iz e  for the back space.
Since no in t e n s if ic a t io n  takes p la c e , th is  character i s  not v is ib le  
w hile i t  i s  being generated . The back space permits the user to  p lace  
su perscrip ts d ir e c t ly  over su b scr ip ts  or to  produce new characters by- 
superimposing sev e r a l ch aracters.
5 .4  The Line Feed
When the Y count co n tro l was d iscu ssed , the gating fo r  the l in e  
feed  was given (See F ig . 4 .7 c ) .  Depending on the character s iz e  and 
whether a s in g le  or double spaced l in e  feed  was required , the Y r e g is ­
te r  was made to  count down in  the proper p o s it io n . Pulse #1 was gated  
to  s e le c t  the Y down count (See F ig . 4 .1 0 ) and the c ir c u itr y  o f  F ig . 5 .2  
generates the appropriate co n tro l s ig n a ls .
When the l in e  feed  i s  generated, i t  i s  normally double spaced. How­
ever , i f  the user d e s ire s  he s e t s  b i t  #4 o f  the data word which in  turn  
s e t s  the SINGLE SPACE f l i p - f l o p  during the loading o f  the A/N b u ffer .
Thus a s in g le  spaced l in e  feed  may be generated.
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5 .5  The Carriage Return and Tabulate
1 . Carriage Return
These two characters share the same c ir c u itr y  and., th erefore , 
must, be d iscussed  togeth er . I t  was decided th at the tabulate should  
move the beam to  every ten th  p o s itio n  o f  the sm allest s iz e  character 
regardless o f  the current beam p o s itio n  or s iz e  o f  character being gen­
erated . Since a maximum o f  e ig h ty -f iv e  sm all characters can be placed  
on a l in e ,  e ig h t  p o ss ib le  p o sitio n s  10, 2 0 , . . . ,  70 , 80 may be used.
The same p o sitio n s are p o ss ib le  l e f t  margin se tt in g s  so th a t a to t a l  
o f  9 carriage return p o s it io n s  inclu d ing the extreme l e f t  are p o ss ib le . 
Table 5 .1  l i s t s  the actu a l X r e g is te r  values fo r  th ese p o s it io n s .
Since each sm all character takes 12 h orizon ta l ra ster  p o s it io n s , ten  
characters are 120 ra ster  p o s it io n s .
DECIMAL
VALUE
OCTAL
VALUE 512
BINARY VALUE 
256 128 64 32 16 8 4 2 1
MARGIN
REGISTER
CONTENTS
0 000 0 0 0 0 0 0 0 0 0 0 N/A
120 170 0 0 0 1 1 1 1 0 0 0 0
240 360 0 0 1 1 1 1 0 0 0 0 1
360 550 0 1 0 1 1 0 1 0 0 0 2
480 740 0 1 1 1 1 0 0 0 0 0 3
600 1130 1 0 0 1 0 1 1 0 0 0 4
720 1320 1 0 1 1 0 1 0 0 0 0 5
840 1510 1 1 0 1 0 0 1 0 0 0 6
960 1700 1 1 1 1 0 0 0 0 0 0 7
TABLE 5 .1  Tabulate and Margin P o sition s
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Figure 5*3 X R eg ister  C lear C ircu itry
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One can imm ediately observe 3 c h a ra c ter is tic s  o f  the binary
v a lu e s : -
(a) The 64 f l ip - f lo p  always contains a ”1"
(b) B its  4 , 2 , 1 are always aero
(c ) 512 = 3 2  ( i . e .  512 i s  the compliment o f  32)
256 =  16
128 = 8
Further observe th a t 8 = 2^, Hence 3 f l ip - f lo p s  can be used 
to  uniquely s e le c t  each o f  the 8 p o s it io n s .
Let us deal f i r s t  w ith  a normal carriage return to  the l e f t  
margin. Pulse #1 s e t s  the Y count down (See F ig . 4 .1 0 ) .  This in  turn 
prevents the X counter from counting up even though the f l ip - f lo p  i s  
s e t  to  count up. Obviously, then , the X counter cannot count a t  a l l .
The carriage return can be accomplished, sim ply by c learin g  the X r e g is ­
t e r .  F ig . 5*3 i l lu s t r a t e s  the required c ir c u itr y . The CR le v e l  from the 
sp e c ia l character decoder enables pu lse #7 to  d ir e c t ly  c lea r  5 1 2 , . . . , 6 4  
o f  the X r e g is te r  and by further gating to  c lea r  3 2 , . . . ,  1 o f  the X r e ­
g is t e r .
A carriage return to  some other p o s itio n  requires further c ir ­
c u itr y . F ig. 5*4 shows c ir c u itr y  required to  load the X r e g is te r  dur­
in g  a carriage return to  a p rese t margin or a tab u la tion .
The Margin R egister  c o n s is ts  o f  three f l ip - f lo p s  la b e lle d  1, 2 , 
3 w ith 3 being the most s ig n if ic a n t  b i t .  I f ,  when the a/ n in s tr u c tio n  i s  
decoded, b i t  f iv e  o f  the in s tr u c tio n  word i s  a "one", the LOAD MARGIN RE­
GISTER i s  s e t .  S ettin g  the f l ip - f lo p  tr ig g ers  a pulse am p lifier  which 
c lea rs  the Margin R eg ister . The next data word fo llow ing the in str u c tio n  
i s  then loaded, in to  the a / n b u ffer . In  th is  case the Margin R eg ister  i s
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an extension  o f  the b u ffer . A NULL ASCII code i s  loaded in to  the regular  
b u ffer  and. in h ib it s  generating a character. The LOAD MARGIN REGISTER f l i p -  
f lo p  enables a NAND gate and perm its the LOAD A/N DATA pulse to  strobe  
the contents o f  b it s  2 , 3 and 4  o f  the DBR in to  the Margin R eg ister .
Pulse #7 i s  used to  c lea r  the LOAD MARGIN REGISTER f l ip - f lo p  to  prevent 
any further changes in  the Margin R eg ister  u n t i l  another a/ n in s tr u c tio n  
i s  decoded. Hence subsequent data words contain  standard a /N d ata . Pulse 
#7 a lso  term inates the data cy c le  by c lea r in g  the counter, the buffer and 
the GENERATE f l ip - f lo p  s in ce  the remainder o f  the cy c le  i s  id l e .
Now i f  one w ishes to  generate a carriage return and. rise the 
Margin R eg ister , b i t  #4 o f  the data word, p rev iou sly  s e t  to  ”1", s e t s  
the same f l ip - f lo p  which was used fo r  the SINGLE SPACED lin e  fe e d . The 
output o f  th is  i s  'NAND'ed w ith  the CR le v e l  o f  the sp e c ia l character  
decoder.
R eferring to  T ig . 5»3» one can see  th a t pu lse #7 w i l l  s t i l l  
be gated by the CR le v e l  to  c le a r  the X r e g is te r .  Then pulse #28 w i l l  
be gated by NAND gates 1 , 2 , . . , , 6 ,  7 (depending on the sta tu s  o f  the  
margin r e g is te r  f l ip - f lo p s )  to  the "0" c o lle c to r s  o f  the appropriate X 
r e g is te r  f l ip - f lo p s .  R eca ll th a t th is  a c ts  as a d ir e c t  s e t  fo r  the par­
t ic u la r  s l ip - f lo p .  N otice th a t gates 1 , 2 , 3 strobe the contents o f  the 
Margin R egister  in to  the 512, 256 and. 128 b i t s  o f  the X r e g is te r . Gate 
4  always s e t s  the 64 b i t .  Gates 5» 6 and. 7 strobe the compliment o f  the 
Margin R egister  in to  the 32, 16 and 8 b it s  o f  the X r e g is te r  and. b it s  
4 , 2 , 1 remain c leared . Thus the beam has been p o sition ed  according to  
Table 5*1.
2 . Tabulate
The tabulate works in  much the same way as a carriage return
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which uses the Margin R eg ister . However, i t  i s  fu rther com plicated by 
the fa c t  th a t no matter where the beam i s  cu rren tly  lo ca ted , i t  must 
move to  the next higher p o s it io n  given  in  Table 5*1. For example, i f  
the beam i s  cu rren tly  a t  o c ta l  p o s it io n  23k  i t  must be tab u lated  to  
p o s it io n  360. I f  a t  p o s it io n  3kk,  we must s t i l l  tab u late  to  p o s it io n  
360 . Since the tab u la te  i s  to  be performed by hardware, we cannot read  
th e contents o f  the X r e g is te r  in to  the computer, execute an algorithm  
to  determine the next tab u la te  p o s it io n  and then reload  the X r e g is te r .  
In  ad d ition , the graphics term inal has no arithm etic  u n it  so th a t some 
oth er hardware algorithm  which does not use ad d ition  or su b traction  must 
be found.
Indeed, one very  sim ple algorithm  was found but th is  f a i l s  to  
work in  every c a se . Consequently, four s p e c ia l  gates a c t as subprograms 
to  the main algorithm  to  y ie ld  the co rrec t v a lu e . The s tr a teg y  i s  to  
t r e a t  the most s ig n if ic a n t  3 b i t s  o f  the X r e g is te r  as the margin r e ­
g is t e r  which was used by th e carriage return . I f  one can su c c e s s fu lly  
place the co rrect value in  those th ree b i t s ,  th ey  can uniquely d efin e  
the new tab u late  p o s it io n .
R eca ll th a t the sm a lle st character i s  12 r a ste r  u n its  w ide. 
Thus we need not consider b it s  k ,  2 and 1 o f  th e X r e g is te r  in  our a l ­
gorithm sin ce  any combination o f  th ese  th ree b i t s  i s  le s s  than one char­
a c ter  w idth.
I f  we ignore b i t  8 o f  the X r e g is te r ,  i t  could in  some cases  
y ie ld  a value in  combination w ith  b i t s  k,  2 , 1 which would be greater  
than the width o f  a character and lea d  to  erroneous r e s u lt s .  Several 
algorithm s which consider on ly  the seven most s ig n if ic a n t  b it s  o f  the  
X r e g is te r  were considered. No general algorithm  was found which worked
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START
Increment 6U’s 
p o sitio n
Increment 6 4 's 
P o sition
Clear 3 2 , . . . , 1  
o f  X R egister
Load 512 in to  32 
Load 256 in to  16 
Load. 128 in to  8
FINISHED
F ig . 5 .5  Tabulate Algorithm
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Figure 5*6 C ircu itry  Required to  Generate 6^ 's Count During Tabulation
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in  a l l  c a se s . This i s  due in  part to  the fa c t  th a t the 512 b i t  i s  a 
"aero" for h a lf  the algorithm  and "one" for  the remainder, but the mid­
p o in t o f  the screen  i s  not one o f  the tab u late  p o s it io n s .
Extensive computer sim ulation  developed an algorithm  which 
f a i le d  in  on ly  three character p o s it io n s . Two gates are used to  d e tec t  
th ese  cases and make co rrectio n s . F ig . 5*5 g ives the algorithm  used  
fo r  ta b u la tio n . The c ir c u itr y  required to place the correct va lues in  
512, 256, 128 and 64 i s  shown in  F ig . 5*6.
The 3 exclusive-OR c ir c u it s  are used to compare b i t  pa irs o f
the X r e g is te r .  Only i f  both inputs are the same w i l l  an exclusive-OR  
y ie ld  an output. The 3 c ir c u it s  are interconnected so th a t th e ir  out­
put i s  true on ly  when a l l  three p a irs match. Gate a y ie ld s  a p o s it iv e  
output on ly  when
(512 = 32) A  (256 = 1 6 ) A  (128 = 8) A  (64 i s  a one)
This a c tu a lly  d e te c ts  when the beam i s  already w ith in  one character  
width o f  the tab u late  p o s it io n . When t h is  i s  true we wish to go to the 
next p o s it io n . Thus the gate enables pu lse  #7 to count one in  the 6 4 's 
p o s it io n . This o f  course makes the 64 b i t  a zero ( i . e .  64 i s  a one).  
Thus pu lse #14 i s  able to  cause a fu rth er count in  the 6 4 's p o s it io n .  
These two counts have guaranteed th a t the most s ig n if ic a n t  3 b it s  o f  
the X r e g is te r  w i l l  have been incremented to  the next tabulate p o s it io n .  
Thus i f  any o f  the gating determ ines th a t a count in  the 64 ' s  p o s it io n  
i s  necessary, a new value w i l l  always be s e t  in to  the most s ig n if ic a n t  
four b i t s .  N otice th a t the 64 b i t  always i s  s e t  to  the "one" s t a t e .
Once we have the new value in  b it s  512, 256 and 128 o f  the X
r e g is te r  we have uniquely defin ed  the new tabulate p o s it io n  and we are 
ready to load the le a s t  s ig n if ic a n t  b i t s  o f  the X r e g is te r . R eferring
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to Fig. 5*3, we can see that pulse #21 w ill  clear h its  32, 1 6 , . . . ,  2 , 1 
of the X register.
Gates 8 , 9 and 10 o f  F ig . 5 .4  enable pulse #28 to load 512 in ­
to  b i t  32, 256 in to  b i t  16 and 128 in to  b i t  8 o f  the X r e g is te r .
Hence, the algorithm has been completed. A new value was
placed in  512, 256 and 128 by counting in  the 64 's  position. The 64 b it  
was l e f t  in  the "one” sta te . The compliments of 512, 256 and 128 were 
placed in  32, 16 and 8 respectively and b its  4 , 2 and 1 were le f t  in  the 
"zero” sta te . Reference to table 5*1 w ill  convince the reader that the 
c . r . t .  beam has indeed been positioned at the next tabulate position.
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CHAPTER VI
CONTROL AND TESTING OF THE A/N GENERATOR
6 .1  Refresh and Control o f  the a / n D isp lay
The a/ n generator was designed s p e c if ic a l ly  to  operate w ith  the 
FDP-8/S d ig i t a l  computer. Control o f  the generator i s  accomplished by 
3 p u lse s : -
(a) SET A/N MODE
(b) CLEAR INSTRUCTION
(c ) LOAD DATA
In  the i /o  term inal, th ese pu lses are supplied  by the con tro l u n it a s­
so c ia ted  w ith  the refresh  memory. However, the FDP-8 fam ily  o f  compu­
te r s  has the c a p a b ility  o f  generating 3 input-output pu lses (IOP) fo r  
a given device code. Hence, i f  one w ishes, the computer could be used  
as the refresh  memory by having i t  loop through a portion  o f  memory 
contain ing the d isp la y  inform ation . The computer must execute a m ini­
mum o f  5 in s tru c tio n s  per data word. This requires 220 j j  sec  for  the  
PDP-8/S and l im its  the d isp la y  to  4,500 ch a ra c ter s/sec . Thus on ly  150 
characters may be displayed, i f  a 30 Hz refresh  ra te  i s  used . I t  i s  for  
th is  reason th a t we require a separate refresh  system  which can supply  
data a t  a much higher r a te .
However, i f  one were to  use a PDP-8/L or PDP-8/l computer w ith  a 
n egative  lo g ic  bus, the computer alone could be used for a refresh  mem­
ory. The same f iv e  in str u c tio n s  require on ly  16 to  20yt/sec on these
79
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Figure 6.1b Control o f A/N Generator
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computers. I f  a 2 MHa clock  were used in  the A/N generator, the mini­
mum character generating time would be 18.5/^ sec .  However, DEC has 
informed u s , and i t  has been observed, th a t th e ir  f l ip - f lo p s  w i l l  not 
count r e lia b ly  a t  2 MHa. Hence the c lock  must be run a t  a frequency 
s l ig h t ly  le s s  than t h is  speed. Since the character generating speed  
i s  longer than the 5 in s tr u c tio n  cy c le  time o f  th ese  computers, they  
are c e r ta in ly  capable o f  refresh in g  the A/N d isp la y .
F ig . 6 .1  (a ) i l lu s t r a t e s  the dev ice  s e le c to r . When the appropriate 
device code i s  used, the IOP pulse sen t by the computer passes through 
the pulse am p lifier  to  produce the appropriate co n tro l p u lse .
F ig . 6 .1  (b) i l lu s t r a t e s  the co n tro l u n it  fo r  the A/N generator.
The c le a r  in s tr u c tio n  pulse c lea r s  the mode f l ip - f lo p s  fo r  a l l  modes o f  
the d isp la y  u n it in clu d in g  graphics ( i . e .  a / n mode, DOT mode, Vector 
mode). Then the SET A/N MODE pulse s e t s  the A/N mode f l ip - f lo p  and 
other inform ation such as the LOAD MARGIN REGISTER f l ip - f lo p  referred  
to  p rev iou sly . The a / n MODE f l ip - f lo p  enables the NAND gate so th a t  
the LOAD DATA pulse may pass through i t  and become the LOAD a/ n DATA 
p u lse . This i s  required s in c e , i f  th e d isp la y  were i n  the VECTOR MODE 
and the LOAD DATA pulse arrived , the a/ n bu ffer  must not be loaded or a 
character would be generated a t  the same time as a v ec to r . This would 
r e s u lt  in  chaos.
6.2 The i /o  Terminal
F ig . 6.2 i l lu s t r a t e s  the complete i /o  term inal in  block diagram 
form. Two other M aster's candidates are working on the system as w e ll .  
One i s  responsib le fo r  the con tro l u n it , computer in ter fa c e  and refresh  
core memory; the other i s  con stru cting  the graphics c ir c u itr y .
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The actu a l in t e n s if ic a t io n  o f  the beam during character generation  
w i l l  be provided by the graphics hardware to  e lim in ate  redundant c i r ­
c u itr y . The in t e n s i t y  norm ally v a r ie s  w ith  character s ia e  sin ce  the  
dots are more c lo s e ly  spaced fo r  sm aller characters making them appear 
b rig h ter . Thus the character s ia e  i s  sen t to  the in te n s if ic a t io n  c i r ­
c u it s  as w e ll as the unique pu lse  tr a in . Once the in te n s ity  i s  stand­
ardized fo r  a l l  th ree s i z e s ,  i t  may be uniform ly s e t  to  three d if fe r e n t  
brightness l e v e l s .
A l ig h t  pen i s  cu rren tly  being designed as part o f  the con tro l u n it  
and should be added to  the system  in  the immediate fu tu re . There i s  a 
p rov ision  in  the a / n in s tr u c tio n  word to  make a character lig h t-p e n  sen­
s i t i v e .  Thus i t  w i l l  be p o ss ib le  to  perm it the l i g h t  pen to  "see” cer­
ta in  characters w hile  making other characters " in v is ib le"  to  the pen.
This w i l l  help  prevent one from a c c id e n ta lly  p o in tin g  to  the wrong in ­
form ation. The l ig h t  pen fea tu re  would be very u se fu l in  e d it in g  te x t  
s in ce  one could p o in t to  the character to  be changed and the computer 
would then know the memory lo c a t io n  conta in ing  the character. Hence the 
new character could sim ply be w r itten  in to  the same lo c a tio n  r e su lt in g  
in  the corrected  d isp la y . Also i f  a lin k ed  l i s t  data f i l e  were used, 
complete l in e s  o f  t e x t  could be in se r ted  or d e le te d .
Provision  has a lso  been made in  the data words fo r  the ad d ition  o f  
character ro ta te  and b lin k  fu n c tio n s . These a lso  w i l l  be performed by 
graphics c ir c u itr y . The character ro ta te  w i l l  perm it characters to  be 
rotated  90° counter-clockw ise fo r  la b e ll in g  axes o f  graphs, e t c .  The 
b lin k  feature w i l l  perm it c er ta in  characters or l in e s  to  f l ic k e r  or b lin k . 
This can be u se fu l fo r  a ttr a c tin g  the a tten tio n  o f  the user to  s p e c if ic  
areas o f  the d isp la y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(a) Horizontal and Vertical Sweep
(b) Horizontal Sweep and Vertical d/a Converter
(c) Horizontal and Vertical d/ a Converter 
Figure 6 .3  Three Raster Techniques (Photographs)
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Figure 6 .4 a Three Character Siaes (Photograph)
TABULATE AND CARRIAGE RETURN
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KLNNO 2 * = : -  \ / . , t  67890
Figure 6.4b  Tabulate and. Carriage Return (Photograph)
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Capability for future expansion has been one o f the key features of 
the design strategy of the i / o  terminal. Each major block ( i . e .  a/N gen­
erator, core) has been made modular. The blocks are interconnected by 
cables which e a s ily  plug into them. Thus the blocks can be rearranged 
as more space i s  required for expansion.
The to ta l system including computer, high speed paper tape reader, 
teletype interface and. display system i s  housed in  two 19" racks which 
are mounted together on wheels. When completed, a c . r . t . ,  Teletype and 
function keys w il l  be mounted on a desk which w ill be interconnected to 
the coraputer-display system by cables.
6 .3  Test R esults
The A/N te x t  generator has been completed and te s te d  both w ith  the  
computer and w ith  the refresh  core providing re fresh . The three photo­
graphs o f  F ig. 6 .3  i l lu s t r a t e  the same character generated by the d i f ­
feren t ra ster  techniques described  in  th is  t h e s is .  The photographs are 
d e lib er a te ly  o v e r - in te n s if ie d  to show the ra ster  as w e ll .
At th is  tim e, the graphics generator has not been completed. Hence 
the in te n s if ic a t io n  c ir c u itr y  i s  not a v a ila b le . A temporary pulse am­
p l i f i e r  has been used to modulate the E -axis o f  the c . r . t .  Due to the 
slow  sw itching speed o f  the pulse a m p lifie r , the minimum character gen­
era tin g  time w ithout n o ticeab le  smearing o f  the dots i s  70 j j s e c  (about 4 
tim es the desired  character generation tim e). However, w ith  the c lock  s e t  
as high as 1 .9  MHs, the 5 x 7  dot m atrix can be generated w ith acceptable  
r eso lu t io n . Thus i f  the f in a l  in t e n s if ic a t io n  c ir c u itr y  can be made to  
respond rapid ly  enough, the character generator w i l l  be able to  generate 
about 53 t 000 ch a ra cter s /sec .
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F ig . 6 .4a  i l lu s t r a t e s  the three character s ia e s .  The double a/N 
mode would prim arily be used on a sm all c . r . t .  to  permit subscripting  
and su p erscrip tin g . In  the normal mode, a l l  three character s ia e s  may 
be generated. The two equations on each s id e  o f  the v e r t ic a l dotted  
l in e  were generated, from id e n t ic a l data words. Only the in stru ctio n  
word was d if fe r e n t . Notice th at a su p erscrip t may be placed d ir e c t ly  
above a subscrip t by backspacing.
F ig . 6.4b demonstrates the tabulate and carriage return. A normal 
carriage return returns the beam to the extreme l e f t  o f  the screen as 
shown by the l e t t e r  N typed a t th is  p o s it io n . The d ig i t s  0t . . . , 7  were 
located, by tab u la tin g , Notice th a t they occur a t  every 10th p o sitio n  
o f  the sm allest character sisse shown a t  the top o f  the d isp la y  (85 char­
acters being shown in  a complete l in e ) .
The d ig i t s  0 , . . . , 7  a lso  represent the value which i s  contained in  
the margin r e g is te r  to  provide a carriage return to the margin s e t t in g .  
For example, 0 was loaded, in to  the margin r e g is te r  and a carriage return  
was performed using the margin r e g is te r . Then the le t t e r s  ABODE were 
typed. A carriage re tu rn -lin e  feed then s e t  the beam to  p o sitio n  F.
The four columns o f  characters were generated by using 4 d if fe re n t mar­
gin  s e t t in g s . The s ix t y  characters a t  the bottom o f  F ig . 6.4b i l lu s t r a t e  
a l l  o f the p o ssib le  p r in tin g  characters.
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CHAPTER VII
CONCLUSIONS
The p r in c ip le  o f  u sin g  a unique pu lse tra in  which i s  derived from 
a binary counter s o le ly  through sim ple ga tin g , provides a r e la t iv e ly  
inexpensive and e a s i ly  m aintained character generator. In  i t s  current 
form, each character i s  a sso c ia ted  w ith  cer ta in  g a te s . I f  a character  
or any portion o f  a character f a i l s ,  one sim ply need rep lace those gates  
u n t i l  the problem i s  co rrected . I f  a p a rticu lar  dot i s  not present in  
a l l  characters, one can q u ick ly  rep lace the counter decoder gate which 
decodes th at p u lse . Hence the character generator can be e a s i ly  user  
maintained.
Since the character generator was experim ental, c er ta in  i n e f f i ­
c ien c ie s  in  hardware r e su lte d . For example, DEC provides two input 
NAND gates which can be expanded by the add ition  o f  diode in p u ts . How­
ever , the minimum diode expander module contains seven d iod es. Hence 
a 7-in put NAND gate which i s  freq u ently  used in  th is  design  requires  
only seven o f  the nine a v a ila b le  d iod es.
The use o f  NAND lo g ic  requires th a t  in v erters  be used throughout 
the count con tro l c ir c u itr y . I f  AND-OR lo g ic  had been employed., these  
in v erters  could have been e lim in ated .
The combinations o f  d if fe r e n t  s iz e  characters as w e ll as s in g le  and 
double spaced l in e  feeds perm its one to  place characters a t  a large  v a r i­
e ty  o f  v e r t ic a l p o s it io n s . However, the r e s e t  c ir c u itr y  does prevent
88
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com pletely random v e r t ic a l  p o s it io n in g . I f  one f e l t  th a t th is  were 
necessary, another 10 b i t  r e g is te r  could store  a v e r t ic a l  p o s it io n .
Then the Y -reset pu lse would strobe the contents o f  th is  r e g is te r  in to  
the Y r e g is te r  in stea d  o f  c o lle c to r  tr ig g e r in g  the Y r e g is te r  to  cer­
ta in  fix ed  v a lu e s . S im ila r ly  a 10 b i t  margin r e g is te r  could be used to  
perm it the l e f t  margin to  be p osition ed  anywhere on the screen . Of 
course th ese  10 b i t  r e g is te r s  w i l l  add to  the c o s t  o f  the d isp la y  and 
l i t t l e  w i l l  be gained by them..
At present the sw itch  r e g is te r  o f  the computer i s  being 'OR'ed 
in to  the data words to  provide for  su b scr ip tin g , su p erscr ip tin g  double 
and s in g le  spaced l in e  fe e d s , and carriage returns using  the margin re­
g i s t e r .  One sim ply s e t s  the b i t  o f  the data word he w ishes and types  
the appropriate ch aracter. The ASCII code from the Teletype then has 
th ese  extra  b i t s  o f  inform ation added to  form the 12 b i t  data word which 
i s  then tran sferred  to  the refresh  core . I t  i s  proposed th a t when com­
p le te d , the term inal w i l l  have fu nction  keys which w i l l  make i t  easy  
for  the user to  s e le c t  the in s tr u c tio n  mode as w e ll as character s iz e ,  
e t c .
Many character generators use core memories to  provide the in ten ­
s i f i c a t io n  inform ation and many use weighted r e s is to r  networks to pro­
v ide the p o s itio n in g  in form ation . N either o f  th ese  methods can be im­
plemented in  in teg ra ted  c ir c u i t s .  Since our method o f  s e le c t in g  unique 
pulse tra in s  r e l i e s  s o le ly  on the use o f  lo g ic  gatin g  c ir c u itr y  which i s  
id e n t ic a l  excep t fo r  the in terco n n ectio n s, in tegra ted  c ir c u it s  on printed  
c ir c u i t  boards could reduce the s iz e  o f  the character generator from 
about two hundred and f i f t e e n  modules to  on ly  a few .
With the advent o f  large  sca le  in teg ra tio n  (L SI), i t  i s  fe a s ib le
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th a t the complete pulse s e le c t io n  c ir c u itr y  could be placed on a s in g le  
chip w ith  on ly  9 s ig n a l inputs and one output. I f  a complete system  
excluding the d / a converters were implemented further savings could  
probably be made. The use o f  th is  technology would be ju s t i f ie d  i f  
th ese c ir c u it s  were to  be used in  s u f f ic ie n t  q u a n tit ie s  to  o f f s e t  the 
c o s t  o f  developing the masks and minimizing in tercon n ection s. However, 
a tr u ly  portable a/N d isp la y  weighing perhaps on ly  a few pounds and. 
consuming l i t t l e  power could be the r e su lts  o f  such an e f f o r t .  With
h,
the expected advances in  d isp la y  media perhaps a f u l ly  s o l id  s ta te  
d isp la y  screen using l ig h t  em ittin g  diodes could rep lace the c . r . t .  
and elim in ate the need fo r  D/A converters. Then the e n tir e  term inal 
could probably be carried  about in  a sm all b r ie fc a se . Note, however, 
th a t i t  i s  the fa c t  th a t d ig i t a l  rather than analogue character genera­
t io n  i s  used, which makes th is  id ea  a p o s s ib i l i t y .
Use o f  such hardware fea tu res as ta b u la tio n , margin s e t t in g  and. 
su b scrip tin g  and su p erscrip tin g  has, to  the b e s t  o f  my knowledge, never 
been implemented b efore . This r e su lt s  in  much more d isp layed  informa­
t io n  w ith fewer in s tr u c tio n  and data words. I f ,  fo r  example, a  tabulate  
p o s it io n  were to  be ca lcu la ted  in  the computer by softw are, the contents 
o f  the X r e g is te r  would have to  be read in to  memory, ex ten sive  b i t  ma­
n ip u la tion  or tab le  look-up would be required to  determine the new beam 
p o s itio n  and the new beam p o s it io n  would then have to  be transferred  
back to  the refresh  memory. This could r e s u lt  in  a delay  o f  sev era l  
m illisecon d s the f i r s t  time the TAB character was typed. However, the  
hardware accomplishes the same r e s u lt  w ith in  one character generation  
tim e.
The three methods o f  r a ster  generation makes the method o f  s e le c t in g
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unique pulse tra in s  adaptable to  three d if fe r e n t  d isp la y  systems o f  
varying co st and com plexity without any m od ifica tion . Hence a much 
wider market could be served by the one d esign .
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APPENDIX I
C haracter
A
B
C
D
E
F
G
H
I
J
K
L
M
N
0
P
Q
R
S
T
U
?
¥
X
Y
1
t J 
0 
1
2
3
4
5
6
7
8 
9
i
•
If
$
&t
(
)
7 B it Binary Code
1 000 001
1 000 010
1 000 O il
1 000 100
1 000 101
1 000 110
1 000 111
1 001 000
1 001 001
1 001 010
1 001 o n
1 001 100
1 001 101
1 001 110
1 001 111
1 010 000
1 010 001
1 010 010
1 010 O il
1 010 100
1 010 101
1 010 110
1 010 111
1 O il 000
1 O il 001
1 O il 010
0 110 000
0 110 001
0 110 010
0 110 O il
0 110 100
0 110 101
0 110 110
0 110 111
0 111 000
0 111 001
0 100 001
0 100 010
0 100 100
0 100 110
0 100 111
0 101 000
0 101 001
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Character
+
/
<
>
?
C
\
3
♦
TAB
LF
CR
BS
NOLL
7 B it Binary Code
0 101 010
0 101 o n
0 101 100
0 101 101
0 101 110
0 101 111
0 111 010
0 111 O il
0 111 100
0 111 101
0 111 110
0 111 111
1 O il Oil
1 O il 100
1 O il 101
1 O il 110
1 O il 111
0 001 001
0 001 010
0 001 101
0 O il 000
0 000 000
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APPENDIX I I
CHARACTER DOT PATTERNS AND PULSE NUMBERS 
Dot Patterns
A •  • • • •  • • •  • • f twft ft ft • ft ft •  ft ft•  ft ft ft ft ft ft ft
ft • •  •  ft ft ft ft • •
•  •  • • • ft ft ft •  ft ft
•  • ft ft ft • ft ft ft
•  • •  • • f t •  • • •  • • f t
•  • • • f t •  ft* ft ftft ft ft ft ft
• ft ft ft
•  ft ft ft ft ft • • • •
ft ft • •  ft ft ftft f t ' ft ft ft ft ft
• •  • • ft ft • • •
•  •  
• •
•  • e
• • • • •
•  •• •  •  •  
•  •  •  •  •
•  ••  •
•  •
•  • •
•  • •
• • • •  
•  • • •
•  • •
•  ••  ft 
•  •
•  ft*
•  •
•  • • ••  •
•  •
•  • •
•  • •
ftft•
ft
ft
•  • • ft ft
•  ft •  ••  •
•  ft ft
ft
ft
t
ft
ft
•  ••  ft•  •
ft
•  ft • • •
• • • • •
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*• •
•  •  
•  •  
•  •  
*
•  • •
• • • • •
• • • •
•  •  
•  • •
• • •
•  • • 4
•  • • II
•  • •
•  •  
•  • • • •
•  •
•  • •
•  •
•  •
•  • ••  •0 0
0 0 0
00 
0 0 
0 0 
•  • • • •
•  • •
•  • •
0
0
0 0 
0 0 
0 0
0
0 00 0»
•  • •
0 0 
0 0
0 0
0 •
0 0 0 
0 0
00 0
0 0 
0 0 
0 0 0 0 0  
0 0 •  • • • •
•  •  
•  •
•  •  
•  •
•  •
•  •  
•  •
•  •
•  •
•  •  •  
0
0
0
0 0 0 0 0
00
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PULSE NUMBERS REQUIRED TO GENERATE CHARACTERS
Character Pulse numbers
A 1 , 2 , 3 A ,5 ,1 0 ,1 3 ,1? ,2 1 ,2 k ,27,
29 ,30 ,3 1 ,3 2 ,3 3
B 1 ,2 ,3 ,^ ,5 ,6 ,7 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,
2 1 .2 2 .2 5 .2 8 .3 0 .3 1 .3 3 .3 4
C 2 ,3 ,4 ,5 ,6 ,8 ,1 4 ,1 5 ,2 1 ,2 2 ,2 8 ,
30 .34
D 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,1 4 ,1 5 ,2 1 ,2 2 ,
2 8 .3 0 .3 1 .3 2 .3 3 .3 4
E 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,
2 1 ,2 2 ,2 8 ,2 9 ,3 5
F 1 ,2 ,3 ,4 ,5 ,6 ,7 ,1 1 ,1 4 ,1 8 ,2 1 ,2 8 ,
35
G 2 ,3 ,4 ,5 ,6 ,8 ,1 4 ,1 5 ,1 7 ,2 1 ,2 2 ,
2 4 .2 8 .3 0 .3 1 .3 4
H 1 ,2 ,3 ,4 ,5 ,6 ,7 ,1 1 ,1 8 ,2 5 ,2 9 ,3 0 ,
3 1 .3 2 .3 3 .3 4 .3 5
I  1 5 ,1 6 ,1 7 ,1 8 ,1 9 ,2 0 ,2 1
J 2 ,8 ,1 5 ,2 2 ,3 0 ,3 1 ,3 2 ,3 3 ,3 4 ,3 5
K 1 ,2 ,3 ,4 ,5 ,6 ,7 ,1 1 ,1 7 ,1 9 ,2 3 ,2 7 ,
29,35
L 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,1 5 ,2 2 ,2 9
M 1 .2 ,3 ,4 ,5 ,6 ,7 ,1 3 ,1 9 ,2 7 ,2 9 ,3 0 ,
31 .3 2 .3 3 .3 4 .3 5
N 1 ,2 ,3 ,4 ,5 ,6 ,7 ,1 3 ,1 9 ,2 5 ,2 9 ,3 0 .
31 .3 2 .3 3 .3 4 .3 5
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9 ?
Character
0
P
Q
R
S
T
U
V
w
X
Y
z
0
1
2
P ulse numbers
2 .3 .4 .5 .6 .8 .1 4 .1 5 .2 1 .2 2 .2 8 ,  
3 0 ,31 .32 ,33 .3^
1 .2 .3 .4 .5 .6 .7 .1 1 .1 4 .1 8 .2 1 .2 5 ,
2 8 .3 3 .3 4
2 ,3 ,4 ,5 ,6 ,8 ,1 4 ,1 5 ,1 7 ,2 1 ,2 3 ,
2 8 .2 9 .3 1 .3 2 .3 3 .3 4
1 ,2 ,3 ,4 ,5 ,6 ,7 ,1 1 ,1 4 ,1 7 ,1 8 ,2 1 ,
2 3 .2 5 .2 8 .2 9 .3 3 .3 4
2 .5 .6 .8 .1 1 .1 4 .1 5 .1 8 .2 1 .2 2 .2 5 ,
2 8 .30 .31 .34
7 .1 4 .1 5 .1 6 .1 7 .1 8 .1 9 .2 0 .2 1 .2 8 , 
35
2 ,3 ,4 ,5 ,6 ,7 ,8 ,1 5 ,2 2 ,3 0 ,3 1 ,3 2 ,
33 .34 .35
3 ,4 ,5 ,6 ,7 ,9 ,1 5 ,2 3 ,3 1 ,3 2 ,3 3 ,
34.35
1 .2 .3 .4 .5 .6 .7 .9 .1 7 .2 3 .2 9 .3 0 ,
31 .3 2 .3 3 .3 4 .3 5
1 .2 .6 .7 .1 0 .1 2 .1 8 .2 4 .2 6 .2 9 .3 0 ,
34.35
6 .7 .1 2 .1 5 .1 6 .1 7 .1 8 .2 6 .3 4 .3 5
1 ,2 ,7 ,8 ,1 0 ,1 4 ,1 5 ,1 8 ,2 1 ,2 2 ,2 6 ,
2 8 ,29 ,34 ,35
2 ,3 ,4 ,5 ,6 ,8 ,1 0 ,1 4 ,1 5 ,1 8 ,2 1 ,2 2 ,
2 6 ,2 8 ,3 0 ,3 1 ,3 2 ,3 3 ,3 4
8 ,1 3 ,1 5 ,1 6 ,1 7 ,1 8 ,1 9 ,2 0 ,2 1 ,2 2
1 ,2 ,3 ,6 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,2 1 ,2 2 ,
2 5 ,2 8 ,2 9 ,3 3 ,3 4
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C haracter Pu lse numbers
3 2 ,6 ,8 ,1 4 ,1 5 ,1 8 ,2 1 ,2 2 ,2 5 ,2 8 ,  
3 0 ,3 1 ,3 3 ,3 ^
4  3 ,4 ,1 0 ,1 2 ,1 7 ,2 0 ,2 2 ,2 3 ,2 4 ,2 5 ,
2 6 .2 7 .2 8 .3 1
5 2 ,4 ,5 ,6 ,7 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,2 1 ,
2 2 .2 5 .2 8 .3 0 .3 1 .3 5
6 2 ,3 ,4 ,5 ,6 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,2 1 ,
2 2 .2 5 .2 8 .3 0 .3 1 .3 4
7 1 ,7 ,9 ,1 4 ,1 7 ,2 1 ,2 5 ,2 8 ,3 3 ,3 4 ,  
35
8 2 ,3 ,5 ,6 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,2 1 ,2 2 ,
2 5 .2 8 .3 0 .3 1 .3 3 .3 4
9 2 ,5 ,6 ,8 ,1 1 ,1 4 ,1 5 ,1 8 ,2 1 ,2 2 ,2 5 ,
2 8 .3 0 .3 1 .3 2 .3 3 .3 4
i 15,17,18,19,20,21
1 2 ,1 3 ,1 4 ,2 6 ,2 7 ,2 8
$ 2 ,5 ,9 ,1 1 ,1 3 ,1 5 ,1 6 ,1 8 ,2 0 ,2 1 ,
2 3 .2 5 .2 7 .3 1 .3 4
& 2 ,3 ,5 ,6 ,8 ,1 1 ,1 4 ,1 5 ,1 7 ,1 8 ,2 1 ,
2 3 .2 6 .2 7 .2 9 .3 1
1 9 ,20 ,21  
( 2 ,3 ,4 ,5 ,6 ,8 ,1 4
) 2 2 ,2 8 ,3 0 ,3 1 ,3 2 ,3 3 ,3 4
* 3 ,5 ,7 ,1 1 ,1 2 ,1 3 ,1 9 ,2 5 ,2 6 ,2 7 ,
3 1 .33 .35
+ 3 ,1 0 ,1 5 ,1 6 ,1 7 ,1 8 ,1 9 ,2 4 ,3 1
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Character
8 ,10,11,16,17,18
3 ,1 0 ,1 7 ,2 4 ,3 1
8 ,9 ,1 5 ,1 6
2 ,1 0 ,1 8 ,2 6 ,3 4
8 ,9 ,1 1 ,1 2 ,1 5 ,1 6 ,1 8 ,1 9
8 ,1 0 ,1 1 ,1 3 ,1 4 ,1 6 ,1 7 ,1 8 ,2 0 ,
21
4 ,1 0 ,1 2 ,1 6 ,2 0 ,2 2 ,2 8
3 ,5 ,1 0 ,1 2 ,1 7 ,1 9 ,2 4 ,2 6 ,3 1 ,
33
>  8 ,1 4 ,1 6 ,2 0 ,2 4 ,2 6 ,3 2
? 6 ,1 4 ,1 5 ,1 7 ,1 8 ,2 1 ,2 6 ,2 8 ,3 4
C 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,1 4 ,1 5 ,2 1
\  6 ,1 2 ,1 8 ,2 4 ,3 0
3 1 5 ,2 1 ,2 2 ,2 8 ,2 9 ,3 0 ,3 1 ,3 2 ,
33 ,34 ,35
♦ 5 ,13,15, 16,17,18,19,20, 21,
27,33
■*- 4 ,1 0 ,1 1 ,1 2 ,1 6 ,1 8 ,2 0 ,2 5 ,3 2
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APPENDIX I I I
xxlOOOOlOO 
xxlOOOOOOO
xxoimioo
xxO llllO O O
xxO lllO lO O
xxOlllOOOO
xxO llO llO O
xxOllOlOOO
xxOllOOlOO
x x O l100000
xxO lO lllO O
xxOlOHOOO
x x OIOIOIOO
x x OIOIOOOO
xxOlOOllOO
x x OIOOIOOO
xxOlOOOlOO
x x O l000000
xxO O llllO O
xxOOlllOOO
xxOOllOlOO
xxOOHOOOO
xxOOl01100
x x OOIOIOOO
x x OOIOOIOO
xxOOlOOOOO
3oc00011100
xxOOOHOOO
x x OOOIOIOO
xxOOOlOOOO
xxOOOOHOO
xxOOOOlOOO
xxOOOOOlOO
xxOOOOOOOO
CHARACTER SEE AND POSITION EXAMPLES
•  •  
•  •  •  0 0 0
•  •  •
•  •  •
•  •  •  
•  •  
•  •  
•  «
0
0
•  0
0 0 0
0 
0 0 0 0
0 * 0  
0 0
0 0 0 
0 0 0 
0 0 0
0 0
0 0 0
0 0 
0 0 
000
00000
0
0
0
• • • • •
: • • • •  
0 0 
000
00000
0
0
0 .0  00
0 0 
000
00 
0 0 
0 0 
00000
0
000 
0 0 
0
00
W
000 
0 0 
0 
0 0 0
0
0
0 0000
0
00
0
0
0
0
000
:
00 0 
0 0 
000
Ooo  o  o  o  o  o
O  t H  O  t—1 
O  O  t —I r 4o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o
o  o  o  o
O  T -lo  o
-t- (o  o  o  o  o  o
ooo
oo
o  o  o  o  o  o
ooooo
oo
o  o  o  o■t-4 O  
O  T - | o  o■*—) H
o  o  o  o
o  o  o  o
t H O—( o
O  t H  
t H  t Ho  o  o  o
oo ooo
oo
O  *rH t H
oo
oo oo
oooooo
oo o  o  o  o
O  t H  
O  t H  t Ho  o  o  o  o  o
t H  t H  t HO O OU U U U U U U U  U U O O O  CJ
100
o  o  o  o
O  t Ho  o
t H  Ho  o
r H  *Ho  o
ti 8
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APPENDIX IV 
INSTRUCTION AND DATA WORDS
In stru ctio n  Word
1 0 0 1 0 Ma R S L
...—r-----1
I n t  j
i
Data Word
0 B SS . -J____ !— M
----- 1....... r—..i" ....i...""i.....
7 B it  ASCII Code1..- - « - 1 L------1----- 1 .....-
Symbols Used
Ma: 0 -  No A ction
1 -  Load b it s  2 ,3*^  o f  next data word in to  
Margin R eg ister
R s 0 -  Normal Character
1 -  R otate 90° Counter-clockwise
Ss 0 -  Normal A/N Mode
1 -  Double a/N Mode
Li 0 -  L ight Pen I n se n s it iv e  
1 -  L ight Pen S e n s it iv e
I n t i 00 -  Normal I n te n s ity
01 -  Dim
10 -  B right
11 -  Blanked
Bi 0 -  No A ction  
1 -  B link
SSiOO -  Normal P o sitio n
01 -  Superscript
10 -  Subscript
11 -  C ap ita l
M: 0 -  Normal CR or Double Spaced LF
1 -  CR to  p o s it io n  in  Margin R eg ister  or 
Sin gle  Spaced LF
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APPENDIX V
TIMING DIAGRAMS
LOAD A/N DATA
Clock
Delayed Clock
GENERATE
X Count Enable
I  RESET LEVEL
*
Y Count Enable
Pulse #36 _________ ______________
Character com plete ,c lear b u ffe r ,c le a r  counter, c lea r  GENERATE
Normal Character Waveforms 
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9999999999
4529999999999999999914
The following waveforms are for Special Characters. Only those 
waveforms which d iffer  from the normal character are illu stra ted  for 
these characters.
INHIBIT NORMAI 
CHARACTER
Set f  COUNT 
DOWN
Back Space ( BS )
INHIBIT NORMAI, 
CHARACTER
Set Y COUNT 
DOWN
Generate Line-Feed
#7
Line Feed ( LF )
Set Y COUNT 
DOWN
Null
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INHIBIT NORMAI
CHARACTER
Set Y COUNT 
DOWN
CLEAR X R egister
#7
Load X R eg ister  from Margin R eg ister  
i f  necessary.
Carriage Return ( CR )
[#28
INHIBIT NORMAI 
CHARACTER
Count in  6 4 's  P o sition
#7 #14
i f  necessary
S et Y COUNT DOWN
CLEAR 5 1 2 , . . . ,6 4  o f  X R eg ister  and Prepare to  
Load New Value in to  X R eg ister
#21
Load New Value in to  X R eg ister
#28
Tabulate ( TAB )
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APPENDIX VI
LOGIC NOTATION
D irect 
Clear —£
D irect 
^—Set
F lip-F lop Delay
Pulse 
Input
Level must be /  \  
present a t  le a s t \y ^ c 
400 nsec before 
gate i s  pu lsed .
Level
Input
P.A.
Pulse Am plifier
DCD Gate
This gate ac ts  as an AND gate . 
I t  provides a lo g ic a l  d elay  which i s  
e s s e n t ia l  fo r  sampling f l ip - f lo p s  a t  
the time they are changing. Inverter
P o sitiv e Negative
Preferred Pulse Input
NAND Gate
P ositiv e o Negative
Preferred Level Input
> Input OutputInterconnections OR Gate
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APPENDIX VII
TWO OPERATING SPEEDS FOR HORIZONTAL AND VERTICAL SWEEP CHARACTER GENERATION
Function 
Clock Frequency 
Character Rate 
V ertica l Sweep 
H orizontal Sweep 
Characters/Line 
Number o f  Lines 
Dot In te n s if ic a t io n  Time 
Frame Rate
F lick er Free Characters
LOW SPEED
Storage D isplay  
50 KHz
1,020 Char/Sec 
7 .14  KHz
25.5  Hz 
40 
8
10 y  sec
N/A
n/ a
MEDIUM SPEED
R efresh D isplay  
300 KHz 
6,120 Char/Sec 
42.86 KHz 
153 Hz 
40 
8
1 Y seo  
40 Frames/Sec
153
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